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cabies and equipment for over sixty 
years. You get the benefit of this 
experience when you specify B.I.C.C. 
Capacitors, Television Down Leads, 
and other types of R.F. Cables, and 
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used in radio work. They are all 
made to that high standard of excel- 
lence known throughout the world ; 
all designed to meet the present 
needs of electronic engineers. 
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PO! course, is to open the egg and let it 
Popular, and more economical method 

at if an egg is examined in front of a strong 

i d translucence will give an indication of its con- 
grading eggs by this means, involving visual measurement 
fite variations of light and colour, is a task calling for a high 
wree of human skill and the method is an example of one of the 

many occasions where electronics could be called in to do the job 

more efficiently. 


It is for applications such as this, requiring a high degree of light sen- 
sitivity, that the Mazda 27M1 has been designed. It is a 

nine stage photo-electric multiplier, capable of multiplying very 
small currents produced under weak illumination by an average 
value of one million times, when operated at 100 volts per stage. 
The resultant output current is a linear function of the exciting 
illumination, under normal operating conditions, and since 
secondary emission occurs simultaneously, the frequency 
response is flat up to the frequencies at which transit time 
becomes a limiting factor. 
Because of its great sensitivity, low noise level, low dark 
current and freedom from distortion the 27M1 is ideal for 
light operated relays, for film scanning, facsimile trans- 
mission and in scientific research involving low light 
levels; and in many applications its small size is an 
advantage. 
Full details of the 27MI1 and the 27M2 will be given on request. 


DISWAWN MAZDA Radio Valves & Cathode Ray Tubes 
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CLASSIFIED ANNOUNCEMENTS 


The charge for these advertisements is twelve words or less 5/- and 4d. for every additional word. 
in the case of advertisements in ‘‘Situations Wanted’’ when it is added free of charge. 
Replies to box numbers should be addressed to : 


advertisement. 


London, W.C.2 and marked ‘‘Electronic Engineering.” 


Morgan Bros. 


in the following issue. 


(Publishers) 
Advertisements must be received before the 10th of the month for insertion 


Box number 2/- extra, except 
A remittance must accompany the 
Led., 28, Essex Street, Strand, 





OFFICIAL APPOINTMENTS 
Vacancies adertised are restricted to persons or employ- 
ments «xcepted from the provisions of the Control of 
Engagement Order, 1947. 


ROYAL NAVY. Short Service Commissions in the 
Electrical Branch. Short Service Commissions of five 
are offered in the Electrical Branch of the Royal 
ey to ex-R.N.V.R. officers under 35 years of age on 
ist January, 1949, who served in the Torpedo, Special, 
Electrical or Air Branches and were employed on 
technical duties connected with radar, wireless, air 
radio, air electrical or ships’ electrical equipments. 
Candidates will be entered in the substantive rank held 
on release, with seniority adjusted by the time out of 
the Service. Promotion will be in accordance with 
the regulations in force at the time for R.N. officers 
leg. a Lieutenant (L) is at present eligible for promotion 
to Lieutenant-Commander (L) at eight years’ seniority). 
Officers who complete the full period of five years on 
the Active List will be eligible for a gratuity of £500 
tax free). yf rates of pay are as follows :— 
ub-Lieutenant (L), 13s.; Lieutenant (L) on pro- 
motion, 17s., after two years, 19s., after four years 
1 4S., after six years, {1 6s.; Lieutenant-Commander 
) on promotion, £1 12s., thence in biennial increments 
of 2s. per day to a maximum of {2 2s. Marriage 
Allowance of £337 per annum if aged 25 or over, or 
£146 if under 25, is payable, and accommodation and 
fations are provid free, or allowances in lieu. 
Apply to the Director, Naval Electrical Department, 
Admiralty, Queen Anne’s Mansions, London, S.W.1, 
for fuller details and application forms. 


MINISTRY OF SUPPLY invites applications from 
Physicists and Electrical Engineers for unestablished 
ow in grades specified below at the Royal Aircraft 
stablishment, Farnborough, and other establishments 
in S. England. Senior Scientific Officer: Salary, 
‘range, £670 to £860; Scientific Officer: Salary range, 
380 to £620. (Rates for women are somewhat lower.) 
tarting pay not necessarily at minima quoted. 
Candidates should possess a good Honours Degree or 
equivalent. The posts call for experience or special 
interest in one of the fcllowing fields :—Radio and 
radar research, including design and development of 
new systems, miniaturisation, VHF technique, aerial 
design, electronic circuit theory, electronic measure- 
ments, digital computing mechanisms. The appoint- 
ments carry F.S.S.U. benefits. Write, quoting 
A.436/48/A, to Ministry of Labcur and National 
Service, Technical and Scientific Register (K), York 
House, Kingsway, London, W.C.2., for application 
form, which must be returned completed by 30th April, 
1949. 


MINISTRY OF SUPPLY invites applications from 
Physicists, Mechanical or Electrical Engineers, for 
unestablished posts in grade of Senior Experimental 
Officer at the Royal Aircraft Establishment, Farn- 
borough, and other establishments in S. England. 
Candidates should possess at least Higher School 
Certificate or equivalent, be aged 35 or over and have 
experience in one of the following fields :—Experi- 
mental light mechanical engineering and functional 
testing of light mechanisms, design of optical instru- 
ments, photographic techniques and processes in 
connexion with optical measurements, circuit design, 
engineering or miniaturised radio and radar equipment. 
Inclusive salary range, £705 to £895 (men) and £580 
to £790 (women). Starting pay not necessarily at 
minima quoted. Write, quoting A.437/48/A, to 
Ministry of Labour and National Service, Technical 
and Scientific Register (K), York House, Kingsway, 
London, W.C.2, for application form, which must be 
returned completed by 30th April, 1949. 


B.B.C. invites applications for a post in the Television 
Section of the Research Department at Kingswood, 
Surrey. Applicants must possess a University Degree, 
or equivalent qualification in Physics or Electrical 
Engineering, and should be acquainted with the basic 
principles of tele-communication. Practical experience 
and a knowledge of television technique will be an 
‘advantage. The work will include research on problems 
tontributing to the general appraisal of television 
systems, both monochrome and colour. Ample scope 
for initiative. The salary is in a grade with annual 
increments of £30 and a maximum salary of £680 per 
annum. Applications, stating age, qualifications and 
experience, should reach the Engineering Establishment 
Officer, Broadcasting House, London, W.1, within 
Seven days of the appearance of this advertisement. 


A 


MINISTRY OF SUPPLY invites applications from 
Electronic Physicists and Electronic Engineers for 
posts in the grades specified below, in Research and 
Development Establishments, mainly in Hampshire, 
Worcestershire and Kent. The qualifications required 
range from Higher School Certificate or equivalent for 
the Experimental Officer grades to a good Honours 
Degree for the Scientific Officer grades. Electronics 
experience is essential. Inclusive salary ranges are :— 
Senior Scientific Officer, £670 to £860; Scientific 
Officer, £380 to £620; Experimental Officer, £495 to 
£645; Assistant Experimental Officer, £220 to £460. 
(Rates for women are somewhat lower.) Starting pay 
not necessarily at minima quoted. Appcintments are 
unestablished but appointment to Scientific Officer 
grades carries F.S.S.U. benefits. Write, quoting 
A.161/48/A, to Ministry of Labour and National 
Service, Technical and Scientific Register (K), York 
House, Kingsway, London, W.C.?, for application 
forms, which must be returned by gth April, 1949. 





SITUATIONS VACANT 


MURPHY RADIO LTD., invite applications for the 
following vacancies in the Electrical Design Laboratory. 
(t) Senior Radio Engineer with good Honours Degree 
in Physics or Electrical Engineering and several years 
industrial experience in television or radio receiver 
development. (2) Radio Engineer with good academic 
qualifications in Physics or Electrical Engineering, 
shanti with some industrial experience. Apply to 

ersonnel Dept., Murphy Radio Ltd., Welwyn Garden 
City, Herts. 


PROMINENT ENGINEERING FIRM in North- 
West requires Senior Engineer having experience in 
development of centimetric radio aerials and wave- 
guide technique. Reply Box No. 427, E.E. 


REQUIRED, several Senior Mechanical or Electrical 
Draughtsmen with experience in the design of mercury 
arc rectifiers, high vacuum plant or nuclear physics 
equipment. Manchester district. Five day week. 
Paid overtime. Salary according to experience. Apply 
giving qualifications—educational and training, and 
details of experience. Mark envelope ‘‘TTE.”’ Box 
No. 448, E.E 


BUSH RADIO LIMITED. Applications are invited 
from experienced radio engineers for the following 
positions: (a) Development work on communications 
and domestic radio receivers; (b) Development 
work on test gear for quality control television pro- 
duction and laboratory use. Apply in writing only, 
giving age, details of experience, qualifications, salary 
required, etc., to the Labour Manager, Bush Radio 
Ltd., Power Road, Chiswick, W.4. 


REQUIRED by a large engineering firm in Lancashire, 
Technicians experienced in the operation of high 
frequency induction equipment for the hardening of 
steel and for brazing, and in the construction of the 
necessary coil and quenching equipment. Write 
stating age, experience, and salary required to Box 
457, E.E 

FIRM IN N.W. LONDON area, manufacturing a 
wide range of Industrial Instruments and Controls, 
has vacancy in its engineering laboratory for Assistant 
Development and Design Engineer. Applicants should 
preferably have a Degree, or equivalent, in Electrical 
Engineering, Mechanical Engineering or Physics, with 
a good knowledge of the fundamentals of radio 
technique. Work would include the development of 
electronic devices and servo mechanisms for industrial 
application, and practical design experience is desirable. 
Initial salary will be between £409 and {600 per annum, 
according to qualifications and experience. Write 
Box 461, E.E 


TRANSFORMER Manufacturer of repute, London 
district, requires Chief Engineer. Experience in design 
of audio and power transformers. Write stating 
experience and salary. Box 468, E.E. 


ELECTRONIC DEVELOPMENT ENGINEER 
wanted for the Australian Division of a large aircraft 
organisation. Minimum qualifications are Engineering 
or Phvsics Degree, with three years research and 
development experience. Single men preferred due to 
accommodation difficulties in Australia. Applications 
should give full details of education, experience and 
salary required. Box 465, E.E 


DRAUGHTSMEN are required by the Research 
Laboratories of the General Electric Co. Ltd., North 
Wembley, Middx., for work in the field of radio or 
telecommunications. Vacancies exist for seniors with 
several years experience as well as for more junior 
candidates. Apply to the Director, stating age, 
academic qualifications and experience. This advertise- 
ment is inserted by permission of the Ministry of 
Labour and National Service under the Control of 
Engagement Order, 1947 


WANTED, ex-R.A.F. Radar Mechanics not below 
Senior N.C.O. rank, by the Government of India for 
service as civilian Radar Instructors in Roval Indian 
Air Force training schools in India on a contract basis 
for 3 years. Apply, Air Advisor's Department, Office 
of the High Commissioner for India in the United 
Kingdom, India House, Aldwych, London, W.C.z2. 


TELEVISION Assembly Line Foreman required by 
expanding manufacturer in North West London area. 
Applicants must have ability to organise female 
labour and have extensive and recent experience of 
quality mass production of television receivers. A 
permanent post and good salary for a man with the 
right qualifications. Box 464, E E. 


THE RADIOCHEMICAL CENTRE. Applications 
are invited for the post of Senior Physicist to take 
charge of department engaged upon the following 
work : the standardisation of radioactive materials, 
control of radiation hazards, instrument development, 
and general nuclear physics. Applicants should be 
men of good professional standing, who have experience 
of applied nuclear physics and laboratory administra- 
tion. The successful candidate will be required to 
develop the work of the department on his own 
initiative, and to collaborate with other institutions. 
Applicants should be between the ages of 25 and 45, 
and they will be required to pass a medical examination. 
A substantial salary will be offered commensurate with 
the candidate’s experience and qualifications. A super- 
annuation scheme is in force, and housing accommoda- 
tion is available at Amersham. The _ successful 
candidate will be appointed to the staff of Thorium 
Limited (Managing Agents to the Minister of Supply), 
to whom applications should be sent at The Radio- 
chemical Centre, White Lion Road, Amersham, 
Buckinghamshire. 


THE DECCA NAVIGATOR Company Limited are 
supplying a Chain of Radio Stations for use by a 
well-known Oil Company engaged in the Persian Gulf. 
The following staff are required immediately for duty 
in this area on the basis of an initial two-year term of 
service :—Engineer-in-Charge—salary, {1,000 per 
annum. Applicant must be well qualified Radio 
Engineer with considerable experience in the erection 
and operation of radio stations in the field. He will be 
responsible for the erection of the equipment in the 
Persian Gulf and for its subsequent efficient operation. 
Engineer Assistant—salary, £750 per annum. He will 
be responsible to the Engineer-in-Charge for operation 
of the Chain and will be required to carry out specialised 
maintenance work on the radio receivers used by the 
survey units. He must be prepared to act as relief for 
the Engineer-in-Charge when necessary, and to take 
control of any of the radio stations. Station Super- 
visors—salary, {600 per annum. Applicants must be 
well-qualified practical radio engineers with consider- 
able experience in the operation of radio stations under 
field conditions. These men will be required to operate 
in isolated positions and must be quite confident of 
maintaining the efficient operation of the stations 
under these conditions. Selected applicants will be 
required to pass a medical examination.  Air- 
conditioned accommodation, messing, and medical 
treatment will be provided free in the area of duty. 
Up to three months’ initial specialised training pro- 
vided in this country ; paid leave with return passage 
to U.K. after two years overseas service. This work 
calls for keen, capable men who are prepared to work 
on their own initiative. Please write full details of 
your past experience, age and qualifications, indicating 
which position you are applying for, te The Decca 
Navigator Company Limited, 1-3 Brixton Road, 
W.9. 
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CLASSIFIED ANNOUNCEMENTS (Cont’d.) 





LABORATORY TECHNICIAN for audio-frequency 
development work with Medical Research Council Unit 


in London. Good qualifications required. Excellent 
prospects. Box 483, E.E. 
LEADING MANUFACTURERS of Radio and 


Electronic Equipment require the services of Assembly 
Shop Superintendent. The post calls for exceptional 
organising ability, a knowledge of batch production 
and control of mixed labour. Excellent opportunity 
for man with drive and initiative. Write, giving details 
of age, education and experience, to Box 476, E.E. 


PHYSICIST or Electrical Engineer required to take 
charge of circuit development of industrial electronic 
equipment with well-known manufacturers in Midlands. 
Preferably Honours Graduate, 30-35, with previous 
experience on this type of work. Salary commensurate 
with qualifications and experience. Send full par- 
ticulars and salary required quoting Ref. 214, to Box 
480, E.E 

APPLICATIONS are invited by a Government 
Department in respect ot vacancies in the fields of 
electronic development and research. The posts in 
question will carry a salary ranging from £400 to £525 
per annum, according to qualifications. Write Box 
475, E.E 

THE PLESSEY COMPANY Ltd. has opened a new 
Chemical Research and Development Laboratory near 
Witham, Essex. Senior Chemists and Chemists are 
required for electronic development work. Senior 
Chemists should have Honours Degree and at least 
seven years’ experience of research in a responsible 
capacity. Chemists should have Degree and aptitude 
for research. Arrangements will be made to accom- 
modate applicants engaged. Write, in first instance, 
giving full details to Personnel Manager, The Plessey 
Company Ltd., Ilford. 


VALVE ENGINEERS required by a manufacturer 
in S.E. England. Application should be made giving 
full particulars of qualifications and experience in the 
design and development of valves, quoting Ref. 213, 
to Box 481, E.E. 


SALES MANAGER required by substantial pro- 
gressive West of England Engineers manufacturing 
electronic and other light electrical apparatus and 
precision instruments. Applicants must be Engineers 
with extensive experience of sale of these products in 
Home and Export markets, advertising and press 
publicity. , Good salary and prospects to man of 
initiative and proven ability. Details of experience to 
Box 485, E.E. 

WE ARE CONTINUALLY requiring qualified 
Physicists and experienced Research and Development 
Engineers, Draughtsmen (Senior and Junior) for radio, 
television, radar, electronics, speakers ; B.Sc. or H.N.C. 
preferred ; also Technical Representatives, Inspectors, 
Repairers, Service Engineers, etc. Technical Employ- 
ment Agency, 179 Clapham Road, S.W.9. (BRIxton 
3487.) . 

SALES ENGINEER. Must possess qualifications 
and experience of R.F. Cables and ability to act as 
technical representative. Active men used to own 
initiative. art-time also considered. Write fullest 
details and salary to “ B.B.J.,’’ c/o Dixons, 43 Great 
Marlborough Street, London, W.1. 


QUALIFIED TECHNICIAN required to control 
technical aspects of production in large works in 
North, manufacturing discharge fluorescent and fila- 
ment lamps. Good technical qualifications and several 
years’ experience of technical control of production 
in a senior position in a discharge lamp factory, or in 
an allied branch of industry, are essential. Experience 
of supervision of junior graduate staff desirable. Reply 
to Box 479, E.E. 


EXPERIENCED DRAUGHTSMAN required for 
the design of electronic apparatus and light electro 
mechanical mechanisms for Instrumentation Labora- 
tory of a West London Aero Engine Manufacturer. 
Previous experience essential. Write, giving full 
details, education, qualifications, experience and 
salary required to Box No. A.C. 435, c/o Central News, 
17 Moorgate, London, F.C.2. 


DEVELOPMENT ELECTRICAL ENGINEERS 
with design experience of tropicalised components, 
radar, radio communication, television, audio- 
frequency or magnetic recording equipment, are 
needed to fill progressive positions. Qualifications : 
Degree, or equivalent, in Engineering or Physics, and 
several years’ design experience. Age 30-35. Starting 
salary, {500 to {800, according to qualifications, 
experience and responsibility. There are also vacancies 
for junior qualified applicants. Send full details of 
a? and qualifications to Personnel Department, 
E.M.1. Engineering Development, Ltd., Blyth Road, 
Hayes, Middlesex. 


Electronic Engineering 


LONDON COUNTY COUNCIL. Required at 
Norwood Technical College, Knight’s Hill, West 
Norwood, S.E.27, to commence on 1st September, 
1949, Senior Assistant Teacher of Tele-communications 
Engineering for the City and Guilds Final Certificate 
and British Institution of Radio Engineers’ Graduate- 
ship Examinations. Applicants should possess a 
Degree or its equivalent in Tele-communications 
Engineering, with teaching and industrial experiences. 
Salary, £700 by £25 to £800, plus London allowance 
and graduate and training additions as appropriate. 
Application forms (stamped addressed foolscap 
envelope necessary) from the Principal at the College, 
returnable by 20th April, 1949. (202). 


CHIEF ESTIMATOR required by substantial West 
of England Engineers manufacturing electronic and 
other light electrical apparatus and precision instru- 
ments. Applicants must have wide experience of 
estimating this class of manufacture for sales and also 
of operation planning and rate-fixing. Salary com- 
mensurate with experience. Details of experience and 
salary required to Box 487, E.E. 


GRADUATE LECTURER in Mathematics required 
for E.M.I. Electronics College. Applicants shouid 
possess a good Degree in Mathematics with Physics, 
and have knowledge of Radio. Duties include lecturing 
to City and Guilds Mathematics for Tele-communica- 
tions standard. Commencing salary, according to 
age, qualifications and experience, not less than the 
appropriate Burnham (Technical) Scale for London 
district. Superannuation benefits in addition. Apply, 
giving fullest possible particulars, to Professor H. F. 
Trewman, M.A.(Cantab.), M.I.E.E., M.I.Mech.E., 
M.Brit.1.R.E., E.M.I. Institutes Ltd., 43 Grove Park 
Road, London, W.4. 


CONTINUED EXPANSION of the _ E.M.I. 
Electronics College has created further vacancies for 
Lecturers in Radio Communications. Two Lecturers, 
whose duties will include some technical writing, are 
required immediately. Applicants should possess a 
good Physics or Electrical Engineering Degree and also 
experience in radio, television, etc. Age 22-28. 
Commencing sajary, according to age, qualifications 
and experience, not less than appropriate Burnham 
scale. Superannuation benefits in addition. Apply, 
giving fullest possible particulars to Professor H. F. 
Trewman, M.A.(Cantab.), M.I.E.E., M.I.Mech.E., 
M.Brit.I1.R.E., E.M.I. Institutes Ltd., 43 Grove Park 
Road, London, W.4. (Tel. : CHIswick 4417/8.) 


DESIGN AND DEVELOPMENT Engineer, with 
University Degree in Electrical Engineering or Physics, 
or equivalent qualifications, to control Design Dept. in 
Company at Godalming, manufacturing electrical 
instruments and control equipment for aircraft. 
Salary, £800 per annum or £650 if an unfurnished house 
is supplied free of all charges. Reply Box 489, E.E. 


AN ENGINEER is required for the position of 
Second-in-charge of a laboratcry engaged upon the 
design and development of radio communications 
equipment, by a Company situated within a 25-mile 
radius North-West of London. Applicants must have 
academic qualifications up to the standard of a Degree 
in Engineering or Physics, and preferably previous 
experience in the Light Engineering or Radio Indus- 
tries. Applications, stating qualifications, experience 
and salary required, should be made to Box 490, E.E. 


UNIVERSITY OF LIVERPOOL. Department of 
Physics. Applications are invited for the post of Control 
Engineer for the new Nuclear Physics Laboratory. 
The selected applicant will be respensible for the design 
and installation of the control system for the 156” 
synchro-cyclotron, which is now in the course of con- 
struction. Candidates should have _ considerable 
experience in the design of modern contro] gear and 
in electronics. Salary will be fixed according to 
qualifications and experience. Applications, stating 
age, qualifications and experience, together with copies 
of recent testimonials, should be received by the 
undersigned not later than 20 April, 1949. Stanley 
Dumbell, Registrar. 


UNIVERSITY OF LIVERPOOL. Department of 
Physics. Applications are invited for the post of 
Electronics Engineer in the new Nuclear Physics 
Laboratory. The selected applicant will be responsible 
for the design, construction and installation of electronic 
— associated with the 156” synchro-cyclotron, 
which is now in the course of construction. Candidates 
must be fully conversant with electronics methods 
used in Nuclear Physics. Salary will be fixed according 
to qualifications and experience. Applications, stating 
age, qualifications and experience, together with copies 
of recent testimonials, should be received by the 
undersigned not later than 20 April, 1949. Stanley 
Dumbell, Registrar. 
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UNIVERSITY OF ABERDEEN, Natural! Philosophy 
Department. Applications are invited for the post of 
Lecturer in Electronics, with duties involving both 
teaching and research, with a view to building up an 
electronics unit to cover university needs. Salary will 
be in the range £500 to £900 per annum with F.S.S.U, 
and children’s allowance of £50 per annun: for the first 
and {£40 for each subsequent child. Initial placing 
according to qualifications and experience. Application 
forms, which can be obtained from the undersigned, 
should be returned by 30th April, 1949. University 
of Aberdeen, H. J. Butchart, Secretary. ; 
LARGE ELECTRICAL ENGINEERING firm in 
South Lendon with international connexions has 
vacancy for Senior Design Engineer. Applicants must 
have good experience in developing electronic equip 
ment to production stage. They should also have 
sound technical background in amplifier design. Good 
salary according to qualifications. Write Box E.E. 35, 
L.P.E., 110, St. Martin’s Lane, W.C.2. fe 


SITUATIONS WANTED 
ADVERTISER able to construct all types valve- 
operated equipment from diagram only, carry out 
designer’s ideas, make final diagrams, etc., desires post ; 
willing, adaptable. Box 486, E.E. , 
APPLIED PHYSICIST, M.Sc.(Physics), M.Sc. 
(Electrical Engineering). Experienced in research in 
electronics and television, wireless methods of geo 
physics. At present reader in Electronics and Comm. 
Engg. at College in India, seeking new employment. 
Apply Box 478, E.E. 

ELECTRICAL ENGINEER, with 18 _ years’ 
experience of electric furnaces and control equip- 
ment, desires post with first-class firm manufacturing 
or using such plant. Box 477, E.E. 

REP. ENGINEER, Service, seeks position; small 
van available. Box 488, E.E. 


EDUCATIONAL 
A.M.LE.E., City and Guilds, etc., on ‘‘ NO PASS— 
NO FEE” terms. Over 95 per cent. successes. For 
full details ot modern courses in all branches of 
Electrical Technology send for our 112-page handbook 
—FREE and post . B.LE.T. (Dept. 337B), 17, 
Stratford Place, London, W.r. 


SERVICE 
LOUDSPEAKER repairs, British, American, any 
make, moderate prices.—Sinclair Speakers, 12, 
Pembroke Street, London, N.1. 
RADIO MANUFACTURERS can __ undertake 
development and assembly of radio or electronic 
equipment. Winding shop with vacuum impregnation 
oe Ample space and labour available. Box 316, 











REPORTS on Business Concerns, individuals, 
tracings. Kershaw, 25 Museum Street, London, 


W.C.1. 





MISCELLANEOUS 
WE WILL BUY at your price used radios, amplifiers, 
converters, test meters, motors, pick-ups. speakers, 
etc., radio and electrical accessories. Write, phone or 
call, University Radio Ltd., 22, Lisle Street London, 
W.C.2. GERrard 4447. 
PLASTICS. Small Injection Mouldings in Thermo- 
plastics (Polystyrene, Polythene, Cellulose Acetate, 
etc.) for Electrical and Instrument Industry. High 
standards, reasonable price. Delivery promises kept. 
Write “ E. E.,” c/o Dixons, 43 Great Marlborough 
Street, London, W.r1. 
FULLY EQUIPPED Model Shop available to handle 
all classes of electronic instrument work. Prompt 
completion of Production Test equipment, etc. Circuit 
diagram and brief specification only required. Quota 
tion and delivery date within three days. Quantities 
1-25 instruments. Development work also undertaken 
for electronic/mechanical equipment. High-grade 
workmanship and accurate performance is guaranteed, 
Spencer-West (S.S. West), Quay Works, Gt. Yarmouth. 


PATENTS 

NOTICE is hereby given that Henri Georges de 
France seeks leave to amend the Complete Specification 
of the Letters Patent No. 600117 for an invention 
entitled ‘“‘ Improvement in and relating to Radio 
Navigation.” Particulars of the proposed amendment 
were set forth in the Official Journal (Patents) No. 3133 
dated March 2nd, 1949. Any person may give Notice 
of Opposition to the amendment by leaving Patents 
Forin No. 19 at the Patent Office, 25 Southampton 
Buildings, Iondon, W.C.2, on or before the 2nd April, 
1949. 


CLASSIFIED ANNOUNCEMENTS 
continued on Page 4 
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A Silica 
valve as smal] 
as this gives you 


550 watts output 
at a maximum 
frequency of 75 uc‘ 





Designers of industrial electronic equipment will find a wide field of application 
for the versatile TYS2-250. In addition to having the highest power-to-size 
ratio of any radiation-cooled valve in the world, the TYS2-250 is outstanding 
for its efficient performance at high frequencies, stable and high emission, 
uniform characteristics, and long working life. These features make it ideally 
suitable as a self-excited oscillator in low power R.F. heating equipments. It 
also offers considerable potentialities as an R.F. power amplifier in industrial 








MAY 2-13 or transmitting apparatus, and may in addition be used as a driver for higher 
OLYMPIA & powered valves, 
Mullard engineers will be glad to advise on the wide applications of silica 
EARLS COURT _ ¢ vF 
valves, the range of which includes the following types :— 
SEE OUR EXHIBIT VALVE TYPE *MAXIMUM OPERATING OUTPUT 
si FREQUENCY POWER 
OLYMPIA Stand_No- G 17 TYS2-250 See panel below 
Med —--——TYS$4-500 i 50 Mc/s 1,500 W. 
| VALVE DATA—TYS2-250 BAL Ag ony = By ony 
*Maximum operating TX 10-4000 20 9700 Ww. 
one ks een *The frequency figures shown are for reduced input; 
(as class C amplifier the power output figures for full input. 
at 10 Mc/s) 760 W. 


Max. Anode Dissipation 250 W. | 
Anode Voltage I 


| 
| 
(50 Mc/s) ... sc 208.V. 
Anode Voltage 
(75 Mc/s) ... «..- 2,000 V. 
Filament Voltage one: ae Ve 
Filament Current 12.0 A. approx. 


THERMIONIC VALVES 
& ELECTRON TUBES 


ee, 
Mullard} sun nar eee een ic FF RR Te 8 E:T 8 





(Formerly The Mullard Wireless Service C@.« Led.) 
¢.2£-.2:T UB YF HOU 8 t.. SHAPTESBU RY 4.N-B NO -e,y W.C.32 








CLASSIFIED ANNOUNCEMENTS (Cont’d.) 


NOTICE is hereby given that The Mantle Lamp 
Company of America seeks leave to amend the Complete 
Specification of Letters Patent No. 596342, entitled 
“Improvement in Inductor Tuning System.” Par- 
ticulars of the proposed amendment were set forth in 
the Official Journal (Patents) No. 3133 dated March 
2nd, 1949. Any person may give Notice of Opposition 
to the amendment by leaving Patents Form No. 19 at 
the Patent Office, 25 Southampton Buildings, London, 
W.C.z2, on or before the 2nd April, 1949. 








FOR SALE 


WEBB'S 1948 Radio Map of World, new multi-colour 
printing with up-to-date call si and fresh informa- 
tion; on heavy art paper, 4s. 6d., post 6d. On linen 
on rollers, 11s. 6d. post 9d. 


IN STOCK. Rectifiers, Accumulator Chargers, 
Rotary Converters, P.A. Amplifiers, Mikes, Mains 
Transformers, Speakers of most types, Test Meters, etc. 
Special Transformers quoted for.—University Radio, 
Ltd., 22, Lisle Street, London, W.C.2. GERrard 4447. 


COPPER WIRES: enamelled, tinned, Litz, cotton, 
silk covered. All gauges. B.A. screws, nuts, washers, 
solderi tags, eyelets. Ebonite and laminated 
Bakelite panels, tubes. Paxolin coil formers. Tufnol 

Permanent detectors, etc. List S.A.E. Trade 
supplied. Post Radio Supplies, 33, Bourne Gardens, 
London, E.4. 


8-WAY HIGH VOLTAGE “ Jones” type Plugs and 
Sockets, with crackle covers, 1s. 6d. pair complete, 
12s. dozen pairs, £3 10s. per 100 pairs, carriage paid, 
Jack Porter Ltd., College Street, Worcester. 


A QUANTITY of Type r1ooR Variacs 2 KVA. 
Thoroughly inspected and tested. 8 gns. each, 
carriage extra. Box No. 452, E.E. 


VALVES at half-price! Any type supplied new, boxed 
and guaranteed at half list price. Service Engineer 
disposing of large stock. Box No. 482, E.E. 


CHASSIS, panels, racks and metal cabinets. Stock 
sizes or made to specification in steel or aluminium. 
Wrinkle finishes available. Reosound Engineering 
and Electrical Company, Coleshill Road, Sutton 
Coldfield. 


QUICK ACTION TOGGLE SWITCH 
AN APPROVED 


COMPON 


Lipy Vag 


A QUALITY 
SWITCH 


ata 
COMPETITIVE PRICE 


PAINTON & CO LTD * KINGSTHORPE + NORTHAMPTON 


Electronic Engineering 


FOR SALE, 750 Brush Crystal B.H. Earphones with 
large supply of spare cords. Also 3,500 Raytheon 
507A.X. miniature valves. Inquiries to Box 484, E.E. 


LF.Ts. 465, 6s. pr., 3 W.B. Coil Pack Kit, 9s. 6d. 
8 uF 450V, 2s.; 100 pF +100 pF, 2d.; Eyelets, etc., 
Is. gross; 0.3 amp. 820 ohm Droppers, 2s. 3d. ; 
Mains Transformers, 16s. 6d.; 50 pF Trimmers, 4d. ; 
Knobs, 4d.; B.C. Adapters, 5d. Send for cheapest 
list in England. Sussex Electronics Ltd. (T), Riley 
Road, Brighton. (Tel.: 4446.) 


FOR SALE, any reasonable offers considered, 5,000 


Dubilier Minicap 0.001 3a 350V working; 9,000 
Dubilier Minicap o.o1pF, 350V_ working; 10,000 
Dubilier Minicap 0.005 uF, 350V_ working; 6,000 


T.C.C. type 543, 0.001 uF, 500V working ; 5,000 T.C.C. 
type 543, 0.001F, 500V working. Apply Box 
No. A.2238, Haddons, Salisbury Square, London, E.C.4. 


FERRANTI7.5KVA VOLTAGE REGULATORS, 
moving coil. Input, 200-250V+8% to —12%, 45 to 
66 c/s. Output, 200-250V+4%, frequency compen- 
sated ; new and unused, with handbook. Offered at a 
fraction of cost price to clear. Box 474, E.E. 


SPENCER-WEST Television Pre-Amplifiers are 
improving results for many viewers, Type AC/2, 
1o gns. Type Az (less power supply unit), £4 16s. 
Particulars from Spencer-West, Quay Works, Great 
Yarmouth. 


CAPACITORS—paper dielectric in rectangular 
metal cans. 2uF 5,000 volts D.C. and ryF 1,000 volts 
D In unused condition. Approximately 1,400 for 
disposal. Radio frequency cable by B.I. Cables, 
7/.022 and 3/.018 low capacity twin cemi-air-spaced 
dielectric cable with star-shaped core. Approximately 
4,000 yards for disposal; also coaxial solid dielectric 
cable in sizes 1/.128, 1/.029, 7/.032, 1/.056. John 
Cashmore Ltd., Great Bridge, Tipton, Stafis. 





WANTED 


CARRIER TELEPHONE and Telegraph Equipment 
of all types in any condition wanted ; also Teleprinter 
or Teletypewriter apparatus. Harris and Gillow, 93 
Wardour Street, W.1. 

RUN ELECTRONIC ENGINEERING, Vols. 1-18 
inclusive. Stechert-Hafner Inc., 2 Star Yard, London, 
Wik 
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D.C. AMPLIFIERS 


High gain (1,000,000 times) 
low noise level 
Stabilized against 


mains supply variations 
and internal drift 


THE WALLANDER CO. 


3, MEAL MARKET, 
HEXHAM - ON - TYNE. 












QUAL, 
> 
be 


MAINS TRANSFORMERS 
A.F. TRANSFORMERS 
SMOOTHING CHOKES 

THERMAL DELAY SWITCHES 
SLIDER RESISTANCES 
Made 
OLIVER PELL CONTROL LTD 
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RS RESEARCH: ROUTINE TESTING*PRODUCTION 
ies) All three sections of Industry served by 
ons 
CO. 
NE. 

















Airmec Laboratories have developed a range of equipment to meet the needs 
of modern industry, whether for research, production, or testing. They are precise 
within the limits of present-day knowledge, and embody the most advanced ideas 
in design. 





We should welcome the opportunity of sending you descriptive literature of our 
H.F. and L.F. Signal Generators, D.C. Oscilloscopes, Valve Voltmeters, Ionisation 
Voltage Testers, Electronic Decade Counters, Photocell Units, and industrial 
production equipment such as Electronic Heat Generators, Process Timers, 
Electro-Mechanical Counters, etc. 


The Valve Voltmeter shown possesses a high degree of accuracy and covers 
a wide frequency range. Furthermore, it is designed for both bench use and for 
face-mounting in a standard 19 in. rack. An extendable low-loss probe for use at 
high frequencies is provided. Balanced, unbalanced and differential A.C. voltages 
may be measured, and the circuit is arranged to measure positive and negative 
D.C. voltages. 


We are exhibiting at B.I.F. OLYMPIA 
STAND C.134 








SPECIFICATION 


A.C. RANGE 


0-1.5 V, 0-5 V, 0-15 V, 0-50 V, 
0-150 V, Balanced, Unbalanced 
and Differential 


D.C. RANGE 
0-5 V, 0-50 V, 0-500 V 


RESISTANCE RANGE 


0-1,000, 0-10,000, 0-100,000 ohms 
0-1, 0-10, 0-100 megohms 


FREQUENCY RANGE 


30 bol Sg 10 Mc/s with probe 
moun 

10 Kae to 100 Mc/s with probe 
unmounted 


Eee eee eee 


AIRMEC LABORATORIES LTD., High Wycombe, Suatinghemshive, England. 
Telephone: High Wycombe 2060 Cables: COMMLABS 
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Take a look inside the 


ERIE Insulated 
High Stability RESISTOR 














Ceramic Case 
with insulation 













Special resistor resistance of more 
element consisting ~ +e I, 500 
of carbon deposit megohms at 


volts 






on ceramic tube, 
spiral cut to re- 
quired value and 
tolerance. 


Time-proven 
ceramic end seal. oe 
ee , ; . € 


Colour 
bands (to R.C.S.C. 
standard) which 
retain their true 
colour when applied 
to the white 
ceramic case. 




















coding 









Type 100—I% in. 
by 4! in. 








Wire leads (1} in. 
by 0.032 in.) and 
spring caps securely 
connected to resis- 
tor body, thus 
eliminating open 
circuits. 


FULLY PROTECTED AGAINST 
SOLDERING AND MECHANICAL 
DAMAGE DURING ASSEMBLY. 


IS BUILT INTO EVERY DETAIL 


Erie High Stability Resistors,§Bbesides Type 100, 4 watt, illustrated above, is the 
displaying characteristics well within the first to be released and will be followed in 
limits laid down in the current R.C.8.C. due course by Type 108, } watt; and Type 
specification, are fully insulated, fully tropical 109 4 watt. 

and extremely robust; and are, therefore, All standard tolerances down to + 1 per cent. 
eminently suitable for operation in restricted Manufacturers and Research Establishments 
spaces and under the severest of conditions. are invited to write for full details. 


ERIE Kester Lunttod 
CARLISLE ROAD =: THE HYDE - LONDON N.W.9 =: ENGLAND 


Telephone : COLindale 801! Cables: Resistor, London 
Factories : LONDON AND GREAT YARMOUTH : TORONTO, CANADA : ERIE, PA., U.S.A. 
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| VALVES ruIRPC 


The Mazda 12E1 is an indirectly heated Beam 
Tetrode designed for use as a series or shunt 
control valve in stabilized power packs. 
Although comparable in size to the average 
large Output Tetrode it is capable of passing 
a maximum control current of 300 mA. 


Further details on request. 
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RATING 
Heater volts aS vas a ia ae. 6.3 
Heater current (amps.) ot ae - die 1.6 
Max. Anode volts... <a is ve wast AO 
Max. Screen volts ... . ... sae ire ee: OD 
Max. Grid No. 1 volts ir aay sis Sve 
Max. Grid | to screen volts a sia ema), 
Max. Anode dissipation (watts) ... Me as 35 
Max. Screen dissipation (watts) ... ee sia 5.0 
Max. Cathode current (mA) oe sea a 3008 
Max. Heater to Cathode volts (Cathode positive) 300 
DIMENSIONS 
Maximum overall length (mm.)_... an BA 150 
Maximum diameter (mm.) a pa BS 54 


EIDUSWA\ 


MAZDA 


RADIO VALVES AND CATHODE RAY TUBES 


v.I09 





THE EDISON SWAN ELECTRIC CO. LTD., 155 CHARING CROSS ROAD, LONDON, W.C.2 
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Made in Three 

Principal Materials } 
FREQUELEX 
An insulating material of Low Dielectric 


Loss, for Coil Formers, Aerial Insulators, ", 


Valve Holders, etc. 
PERMALEX 


A High Permittivity Material. For the 
construction of Condensers of the small- 


a 
* 
est possible dimensions. 
TEMPLEX rs 
A Condenser material of medium per- 
mittivity. For the construction of 


Condensers having a constant capacity 
at all temperatures. 


BULLERS LOW LOSS CERAMICS 





BULLERS LTO., 6, LAURENCE POUNTNEY HILL, LONOON, €.C.4 


Telephone: Mansion House 997! (3 lines) Telegrams: *‘Bullers, Cannon. London"’ 
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TEST SET TYPE D-30-A 


RANGE -~— - ‘001 ohm to 11°11 megohms A portable test set for general resistance 
DIMENSIONS - - = -12}"x 93" x 6" measurements and for fault location on lines and 
WEIGHT - - - -  - [2 Ibs eables—May be used for A.C. tests with suitable 

A descriptive yong be supplied on power source and detector—Resistance decades 


and galvanometer can be used externally. 


MUIRHEAD 


MUIRHEAD AND COMPANY LIMITED, ELMERS END, BECKENHAM, KENT. TELEPHONE : BECKENHAM 0041-0042 


FOR OVER 60 YEARS DESIGNERS AND MAKERS OF PRECISION INSTRUMENTS 

















Providing technical 
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THE “BELLING-LEE" PAGE 


information, service and 
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advice in relation 


to our products and the suppression of electrical interference 


Distant Television Reception 


B 


There are many cases on record of 
viewers getting a consistently poor 
television picture, while others, miles 
further away from the _ television 
transmitter obtain results beyond 
expectation. The reason generally 
given for this inconsistency may be 
illustrated as above. The dipole ‘* A”’ 
may be considered to be fifty miles from 
the transmitter. The waves close to 
the ground at this point have been 
attenuated considerably, but those 
higher up are still strong, they pass 
over the hill and the (un-attenuated) 
waves bend down and meet the dipole 
‘““B” which may enable the viewer to 
enjoy a much stronger signal, Close 
in under the shadow of the hill, at ‘‘ C ”’ 
there would probably be a ‘“‘ dead ” 
spot where little or no signal would be 
received. 

* 1. **Doorod”’ Television Aerial 

We have been somewhat alarmed at 
the results reported from this new fully 
dimensioned indoor dipole. Reports 
come in that they are being used, with 
considerable satisfaction in places as far 
from Alexandra Palace, as Southend 
and St. Albans, i.e. 30 and 18 miles 
respectively. Whereas, we first claimed 
five or six miles and later eight to ten 
miles. 

We have made calculations based on 
known field strengths and find that the 
results are less surprising than was 
first thought. 

The only condition against which one 
must guard is the presence of concealed 
pipes, girders or other conductors in 
the walls (outside drain pipes), etc., 
which happen to be a functional dis- 
tance from any proposed indoor dipole. 


A Need for Caution 


It should not be overlooked that a 
new Television receiver is in its first 
flash of high gain, the valves are giving 
full emission, everything is just right. 
Such a receiver may give satisfactory 
results with an indoor aerial at excep- 
tional distances, but, it is quite possible 
that after a few months use, the gain 
of the receiver drops, you can no longer 


hold synchronisation, and disappoint- 
ment sets in. Everything is normal, and 
an outside aerial is necessary, 


Use of ‘‘Doorod’’*1 as a ‘‘Veerod’’*2 


The “ Doorod ”* may be used as a 
‘Veerod ”’ either inverted or “ V’ 
ie thus endowing it with directional 
properties at the expense of slight loss 
in pick-up. The ‘‘ Doorod ”’ may be so 
arranged on the wall of the hall of a 
house as indicated in the diagram, on 
the ground floor, upstairs landing, or 
for maximum results in the loft. In 
certain positions an extension length of 

coaxial cable will be necessary. 


In locating a ‘‘ V’’ shaped dipole to 
take advantage of its directional pro- 
perties, start with one element pointing 
in the direction of the transmitter. It 
may be useful to bear in mind that the 
‘* Veerod ’”’ has a very marked minima 
at right angles. This feature may be 
used to reduce interference. 
The Why and Wherefore of _ the 
‘*Veerod”’ 


It is all a question of polarisation. 
In a house it is difficult to be certain 
what you are dealing with—vertical or 
horizontal. The signal leaves the trans- 


B i 


A 





mitter monte polarised. Refer now 
to sketch 


It is _— up on a gaspipe A-B 
which has currents induced in it. The 
pipe goes round the corner and con- 
forms to B-C with the same currents 
as A-B. But now they are horizontally 
polarised, 

Which has most influence on any in- 
door aerial? At a guess there is about 
a fifty-fifty chance and it does not 





New Edition of the 
‘* Belling-Lee ’’ main catalogue 


This 84-page publication is now 
off the press, it is however not 
for general distribution but has 
been prepared for the use of 
designers of electronic equipment, 
electrical engineers, etc. 











really matter if the “‘ Veerod” is up- 
right or inverted. 


Undoubtedly the most _ efficient 
position in which to use it as an indoor 
aerial is in the loft, as high up as 
possible, with its apex tucked right up 
out of the way of water-pipes, etc., 
which, in the loft, mostly run in a 
horizontal plane. But if a ‘‘ Doorod ” 
is being used as a ‘‘ Veerod”’ it is 
generally more logical to use it as a 
““V” as illustrated, as this will allow 
a shorter run to the receiver, but a 
ladder will:have to be used so as to fix 
the free end of the flexible element. A 
real practical advantage in using the 
“‘ Doorod ” with the apex uppermost, 
i.e., as an inverted ‘‘V”’ is the fact 
that the rigid element can be fixed with 
the apex out of reach while you are 
comfortable with both feet on the floor. 
The flexible element can then be held 
in position and fixed with tacks or 
drawing pins. In this case the lead 
must drop from the apex. 


Combined Broadcast and T.V. Aerials 


We have had » number of letters from 
readers asking if it is a fact that enti- 
interference systems can be appled to 
television. The answer is ves and no. 
We have never claimed to offer an inter- 
ference free television aerial but 
‘** Belling Lee ’’ were the first to take 
advantage of the fact that the mast of 
a television aerial could be used as a 
collector of broadcast programmes, and 
could be used to feed an anti-inter- 
ference system. Jt is easy to see how 
the misunderstanding occurred. 


** Doorod ’’ (Reg. app. for) indoor 
.. V. aerial 30/-. 


*2. ““Veerod’’ (Reg. app. for) Attic 
Model 52/6. Chimney model 90/-. 


BELLING ¢ LEE LTD 


CAMBRIDGE ARTERIAL ROAD. ENFIELD. MIDDX 


ENGLAND 
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THE NEW 
STANDARD RANGE 


OF 


SOMERFORD 


E.H.T. 
TRANSFORMERS 


Fluid insulation combined with 
hermetic sealing enable us to 
set a new standard of efficiency 
and performance in high voltage 
low current transformers. Avail- 
able in ratings of 1000-5000 





\ volts at 5 mA with rectifier 
| and cathode ray tube heater 
windings. The most reliable 
component for television power 
packs. hy atl 
A A IED 
* Write for the Leaflet to-day FOR 


” 


. 
\ 
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HANTS 


CHRISTCHURCH 


SOMERFORD 











Type 412 
A versatile instrument for use 


wherever rectangular voltage - 


pulses are required. 


Output : 0—75 volts, positive 
or negative 

Pulse Width: 1, 10 and 100 micro- 
seconds 

Repetition Rate: 1—2,500 c/s 


(10,000 c/s from an 
external source) 


DAWE INSTRUMENTS LTD. 





130 
































Visit our Stand, C!5, 
B.1.F. Olympia, 
(S.LM.A. Section) 


———— Cttiags 
en 
| nena 








UXBRIDGE ROAD, HANWELL, LONDON, W.7 EALING 6215. 





Lancs. & Northern Representative!: A. C. FARNELL, LTD,, !5 Park Place, Leeds. 
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MEASURING 
ELECTROLYTIC 
LEAKAGE 









Tue generally accepted maximum permissible leakage current 
after forming is given by I (in & amps.) = 0.15 x C x V working. This 
bridge measures leakage direct at voltages of 6, 12, 25, 50, 150, 250, 
350 and 450. Capacity can be measured up to 500 microfarads. 


: > 
Gk 
ane ®) Kerr 











COMPONENT 
BRIDGE BIO] 


C: 5 pfd. to 500 mfd. —8 ranges. 
R : Sohms to 500 Mohms—8 ranges. 








é L: O.1 Hy. to 5000 Hys.—4 ranges. 
Leakage Oto l.5m/a. Q: Oto 30. 
Precision Comparator. 
a Price 26 Guineas. THE WAYNE KERR LABORATORIES LTD., NEW MALDEN, SURREY © MALDEN 2202 
>» 7 
MOUNTING MOVING-COIL 
INTERCHANGEABLE RECTIFIER 
WITH THE 34% in. THERMAL: 
ROUND PATTERN FIRST-GRADE 
TO K 113 ACCURACY 
MAY BE OTHER PATTERNS 
AND SIZES 





ILLUMINATED DIAL 





Particularly Suitable for incorporation in Test Gear 
4-inch FLUSH-MOUNTING INSTRUMENTS 


BALDWIN INSTRUMENT CO, LTD,, DARTFORD, KENT 


Telephone: DARTFORD 2989 


ae 
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The G.E.C. has always 
supplied the fullest possible 
technical data on OSRAM VALVES 


to assist designers and service engineers 
using the wide range of electronic devices 
marketed by the Company. 

Copies of data sheets embodying all details 
on Ratings, Dimensions, Operating con- 
ditions, and Characteristic curves may be 


had on specification of type required to the 


OSRAM VALVE TECHNICAL DEPT. Magnet House, Kingsway, W.C.2 


PHOTO CELLS CATHODE RAY TUBES VALVES 








THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, W.C.2. 
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callin the 
Experts | 


T.C.C.’s_ long experience in the 
application of suppression devices 
enables them to offer a wide range of 
suppressors of proved efficiency. In addi- 
tion, T.C.C.’s specialised manufacturing 
techniques have produced extremely 
compact types which are easily fitted 
to equipment and provide effective 
suppression over an exceedingly wide 
band of Radio frequencies. Where 
specialised applications, not covered by 
standard types, are required, T.C.C.’s 
Technical Department will be glad to 
advise. The new Wireless Telegraphy 
Bill will bring you many suppressor 
problems—T.C.C. can solve them for 
you. 


Write today for full details and literature. 


IN THE BEST EQUIPMENT YOU'LL SEE LIgS 


THE oo CO, LTD. 


Telephone. ACORN OO6I 





NORTH ACTON -: LONDO 
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Tufnol insulators 
on an Ellison 
11,000 volt circuit 


breaker. 












«‘ TUFNOL is a 
high grade electrical 





insulator ”’ 


The thorny problem of electrical insulation 


is solved immediately by the use of Tufnol. Can TUFNOL 

A high grade insulator, Tufnol is not brittle improve your products 
and has good mechanical strength. 

Tufnol is used in every industry, not only 
as an electrical insulator but in thousands 


of other ways. Engineers are constantly Qyr Engineers will gladly help you 
solving their problems with the aid of 


—— UFNOL 


TUFNOL LTD - PERRY BARR - BIRMINGHAM - 22B . 
An ELI ISON Product 





or plant 
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TELEPHONE: CENTRAL 6565 (10 LINES) 
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Leakage Inductance 





The R.C.M.F. Exhibition en ! 


() BGANISED by the Radio Com- 
ponent Manufacturers’ Federa- 
tion, the sixth exhibition of com- 
ponents, valves and test gear -was 
held at Grosvenor House, London, 
from March 1 to March 3, with the 
object, to quote the Radio Industry 
Council, of ‘‘ acquainting the radio 
and electronic manufacturers and 
engineers with the most recent 
advance in the design and develop- 
ment of British radio, television and 
electronic components, valves, acces- 
sories, radio and television test gear 
and instruments, and materials used 
in their manufacture.”’ 


For the first time the exhibition 
included valves and _ cathode-ray 
tubes and welcome new exhibitors 
were the Board of Trade to provide 
information on the export market 
and the Ministry of Supply whose 
display of apparatus dordomee in 
its research establishments was most 
interesting. 


While the British manufacturers 
C 


of radio receivers for export are 
making small demands on the com- 
ponent industry, the market for the 
export of components is encourag- 
ing. As Sir Robert Renwick stated 
in his opening speech, the present 
export trade has increased no less 
than eight-fold in the space of the 
last three years. Before the war 
the imports of radio components 
was greater than our exports, 
although both, of course, were on 
a comparatively small scale. In the 
three years since 1945 exports of 
radio components had risen from 
about £450,000 to over £3,500,000, 
while in the same period valve 
exports had risen from £750,000 to 
£2,000,000. 


There can be no doubt therefore 
that the component industry is in 
a healthy position and it needs no 
more than a casual inspection of the 
exhibition to confirm this. 


From the technical point of view 
there. was much of interest. The 


design of the components was every- 
where good, and on a sound en- 
gineering basis. Particular men- 
tion might be made here of the very 
excellent design of the potentio- 
meters developed initially for radar 
purposes and now finding consider- 
able application in electrical com- 
puter circuits. 


The trend towards ‘‘ miniaturisa- 


tion’ of components and_ valves 
continues with the consequent 
saving of materials and space, and 
a new aspect of ‘‘ miniaturisation ”’ 
is the appearance of multiple com- 
ponents—assemblies of resistors and 
capacitors into a single unit—of 
small bulk and high stability. 
Altogether, therefore, an_ en- 
couraging exhibition—our only com- 
ment is that with components and 
instruments finding application in 
so many new non-radio fields from 
watch rate recorders to vibration 
analysers, the term radio as applied 
to components seems a misnomer. 











Above 


Fig. 6. Electronic gas-filled flashlamp 
characteristics with high-speed sweep and 
40 Kc/s (25 microseconds) time markings. 
The small negative pip is due to the 
synchroniser operation 


Fig. 12. Double exposures comparing light 
from stroboscope lamp with light from 
cathode ray tube light source 


Right 
Fig. 4. Dual beam recording of 1/100th of a 
second shutter opening (top trace) and 
No. 5 flashbulb (bottom trace). Time mark- 
ings 2 Kc/s 


Fig. 5. Dual beam recording of 1/100th of a 

second shutter opening, plus electronic 

flashtight output. The time marking is given 
by a 40 Ke/s oscillator 
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Cathode-Ray Tube Applications 


Fig. 1. Typical shutter opening v. time characteristics. Shutter 
speed |/100th of asecond. Time markings one millisecond apart 


Fig. 10. Three triple-exposed 

Hand Dcurves. The bottom 

curve shows the start of 

development and the top 

curve the final appearance 
of the strip 
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Electronic Engineering 


in Photography and Optics'—Part | 


By CARL BERKLEY* and RUDOLF FELDT* 


& ATHODE-RAY tubes and oscil- 

loscopes are ideal tools for 

the solution of many technical prob- 
lems in the related arts of Photo- 
graphy and Optics. The methods 
described represent typical examples 
of the application of electronic 
measurement techniques in such 
fields. 

Applications considered and illus- 
trated include :— 

1. Gloss measurement on _photo- 
graphic papers. 

2. Goniophotometry of 
sources. 

8. Shutter, flashbulb and synchro- 
niser testing. 

4. Cathode-ray tube light sources 
for facsimile and_ stroboscopic 
work. 

5. Scanning technique for televi- 
sion film recording. 

6. The combination of optical and 
electronic magnification for the 
study of gear and_ sprocket 
imperfections. 

7. Automatic “‘H and D” curve 
plotting during film develop- 
ment. 

8. Cathode-ray tube sound on film 
recording systems. 

9. The measurement of ripple in 
light sources. 

10. Colour studies in natural colour 
reproduction and _ chromatic 
aberration in lenses. 

11. Vibration studies of motion pic- 
ture equipment. 


light 


The techniques and cathode-ray 
oscilloscope accessories described 
will find wide application in other 
fields as well. 


Due mainly to its rapid response 
and graphic presentation of results, 
the cathode-ray oscilloscope has 
found wide application in the solu- 
tion of many technical problems in 
diverse fields. In the course of their 
work the authors and the members 
of the Applications Engineering 
Section of DuMont Laboratories 
have gained considerable experience 
in the application of the basic 





+ Based on a paper presented at the National 
Electronics Conference, November 5th, 1948. 


* Allen B. DuMont Laboratories, 1000 Main 
Avenue, Clifton, New Jersey. 


oscillographic techniques used in 
the solution of these~ problems. 
Since photographic and _ optical 
methods have become increasingly 
important in oscillography, a sur- 
prising proportion of the applica- 
tions studied at the laboratories 
have been in these fields. The tech- 
niques here described for photo- 
graphy and optics are basic and 
applicable to a much wider range 
of problems. To better illustrate 
this point, it will be shown later 
that many of the methods herein 
described will find direct application 
in the motor car industry. It is 
therefore felt that their description 
will be of interest and help to any- 
one concerned with a precise elec- 
tronic approach to a measurement 
problem. 


One of the basic problems in 
photography as in many other in- 
dustries is that of accurate short- 
interval timing. Photographic 
shutters are called upon te operate 
reliably and reproducibly over a 
wide range of speeds. Synchro- 
nisers and flashbulbs must be timed 
to operate within milliseconds of 
one another. This problem of 
proper adjustment is becoming more 
important with the increasing use 
of colour films whose latitude does 
not tolerate the careless operation 
to which photographers using mono- 
chrome emulsions have become 
accustomed. 


Shutter Testing 


The obvious way to study and 
make these adjustments is by pick- 
ing up the opening of the shutter 
by means of a photocell and light 
and displaying its output on an 
oscilloscope. This procedure was 
in fact, tried many years ago using 
a string or mirror oscilloscope with 
fairly satisfactory results.’ 


There are a number of advantages 
to be gained by the use of a cathode- 
ray oscilloscope : 


(1) There is no practicai limit on 


the shortest time that can _ be 
measured so that high - speed 
mechanical shutters or _ electro- 
optical shutters can be ‘readily 
studied. 


(2) The image of the shutter 
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characteristic appears’ instantan- 
eously on the face of the cathode- 
ray tube, so that no waiting is 
necessary to view the record. 


(3) The shutter may be rapidly 
operated any number of times in 
succession, synchronised . with the 
single sweep on the oscilloscope, 
and any erratic operation easily 
observed by comparing each pattern 
with the previous one by means of 
a long-persistence cathode-ray tube 
screen; by operating the shutter a 
few times and then observing the 
persistent image, an average value 
for the shutter speed may be 
obtained. This is of value in the case 
of simple shutters whose reproduci- 
bility is not such that a single read- 
ing suffices for calibration. Fig, 1 
shows a typical opening vs. time 
curve. 

(4) Various other — electronic 
methods of testing camera shutters 
have been devised. These generally 
involve integrating the total light 
transmitted during the operation of 
the shutter, and expressing the 
result as a single reading on a 
meter. Such a reading fails to show 
any erratic operation of the shutter 
such as bouncing or slow opening 
and closing which, while it may give 
rise to’ the same integrated value of 
light, represents improper operation 
of the shutter. Such improper 
operation is readily displayed on the 
cathode-ray tube. 

Realising all these advantages, 
many photographers to-day have 
devised elaborate _ oscillographic 
equipment to enable production 
testing of shutters.” Such equip- 
ments are now being used by most 
camera manufacturers to check 
their shutter operation. 

The previous remarks have all 
referred to the testing of between 


the-lens_ leaf-type shutters. The 
cathode-ray oscilloscope has also 
been applied successfully to the 


testing of focal plane shutters by 
a technique described by T. H. 
Bullock in ‘American Photo- 
graphy.”’* This technique involves 
the photographing of a_ vertical 
oscillator trace on the cathode-ray 
tube and the sweep of this trace 
horizontally across the cathode-ray 
tube for a time somewhat: longer 
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Fig. 2. Focal plane shutter characteristics. Shutter speed | /20th of a second on Graflex shutter. Horizontal sweep approximately 1/20th of a second 
(a) With low frequency vertical sweep approximate!y 600 cycles to show principle. 
(b) Same shutter with higher speed vertical sweep, showing change in speed of slit from top to bottom of focal plane. 


(c) Same shutter properly adjusted for uniform slit travel. 


than the operation time of the 
shutter. This pattern is then 
imaged in the focal plane. The sum 
of the cathode-ray tube spot and 
focal plane slit motions gives rise 
to diagonal areas from whose 
appearance the shutter opening 
characteristics may be evaluated. 
Figs. 2(a), (b) and (c) show some 
typical examples of such operation 
on a Graflex shutter. Fig. 2(a) was 
made with a rather low vertical- 
oscillator frequency in order to 
illustrate the principle. The hori- 
zontal distance represents the time 
during which a particular portion of 
the slit traversed the film. This 
time can be seen to vary from one 
end of the focal plane to the other, 
indicating that the shutter did not 
move at constant speed. The next 
figure shows another example of this 
defect with a higher sweep fre- 
quency. Fig. 2(c) shows a properly- 
adjusted shutter which moves at 
almost constant speed from one end 
of the image plane to the other. 


Flash Bulb Testing 


Using almost exactly the same 
equipment, for example, an oscil- 


loscope and a ‘photocell pickup, 
many other applications present 
themselves in photography. For 


example, the testing of photographic 
flash bulbs and their light output 
vs. time characteristics, may readily 
be accomplished. Fig. 3 shows the 
setup for such tests. A method, 
using the same basic technique 
which was prescribed for shutters 
is now used as a standard ASA 
method for testing photographic 
flash lamps.’ Fig. 4 shows a typical 
recording of the light output of a 


Mazda No. 5 lamp, produced on 
a Type 279 dual beam cathode-ray 
oscilloscope so that it may be com- 
pared for synchronisation directly 
with the shutter operation. The 
time markings have been produced 
by intensity modulating the cathode- 
ray tube grid from an_ external 


oscillator. The frequency is 2,000 
cycles/sec. It is also possible to 
make recordings of the charac- 


teristics of a combustion type of 
flash lamp with a high-speed record- 
ing galvanometer. This equipment, 
however, fails when an attempt is 
made to measure the new gaseous- 
discharge micro-flash lamps, whose 
duration of light output may be of 
the order of a few microseconds; 
only a cathode-ray oscilloscope can 
measure times of such order con- 
veniently. Fig. 5 compares relative 
duration of shutter and flash. The 
circuit for studying these pheno- 
mena can be a very simple one. The 
gas tubes usually have an ignition 
coil as an ancillary operating from a 
trigger circuit, consisting of a small, 
cold-cathode gas tube. The same 
pulse which fires the cold-cathode 
tube can be used to start the sweep 


of the oscilloscope. There is sufficient 
delay in the initiating tube so that 
the sweep starts before the ionisa- 
tion in the flash tube becomes 
appreciable. The light output vs. 
time curve is shown in Fig. 6. The 
markers here are 25 microseconds 
apart instead of 1 millisecond. 
Fig. 7 shows dual beam oscillograms 
of such a photoflash tube in which 
a much higher shutter speed has 
been used, displaying the opening of 
the shutter and the flashing of the 
lamp unsynchronised and _ synchro- 
nised. These are made with a 
shutter that shows considerable 
rebouncing which, as mentioned pre- 
viously, would not be indicated on 
an integrating type of shutter open- 
ing meter. 


Gloss Measurement 


One of the basic problems in 
optics is the proper description of 
the visual or optical character of a 
surface—the gloss of the surface. 
For this reason, in many industries, 
so-called ‘‘ standards ’’ of various 
degrees of gloss or surface finish are 
maintained. This problem is_ of 
importance in photography in con- 

















TIME BASE if 
GENER pom = 3 TYPE 208 
Fig. 3. Typical set-up “ATOR | 4 fino promecta = vented 
for flashbulb testing asenuel” | {alt we 
t OC. Amplifier 
SOV. Nes ‘bon 
oH 
Delay BULB Photoce// ond 
Condenser apf Preamplifier 





Beam OOO CPS, 
Modulation 9 © 
-O 
i a 
































x 
i 
¥ 
t 
: 
i 











April, 1949 Electronic Engineering 


Fig. 7. Dual beam recordings of high-speed shutter and electronic flashlamp 
(a) synchronised. (b) unsynchronised. 


second 


a 
cient 
» that 
onisa- 
comes 
t vs. 

| 





The 
-conds 
>cond. 
grams 
which 
d has 
ing of 
of the 
nchro- 
ith a 
erable 
d pre- 
ed on 
open- 





Fig. 8. Relative reflexion v. angle for clear glass (tall spike) and 
matte-coated glass. Angle markers on base line are 3.6 apart 
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Fig. 9. -Light distribution from small 
flashlight bulb 
(2) In cartesian co-ordinates. 
(b) In polar co-ordinates. 
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nexion with the proper specification 
of the surfaces on photographic 
papers. The so-called “feel” of 
the surface, being a _ subjective 
matter, is of extreme importance in 
the final effect that a photograph 
produces upon the viewer. However, 
no good method for specifying these 
surfaces which assures uniform 
quality and_ reproducibility yet 
exists. For this reason, in every 
photographic supply store there will 
be found so-called standard samples 
of these various surfaces which serve 
as no specification whatsoever, The 
only satisfactory way, to date, to 
specify the gloss of a surface is by 
drawing its complete reflectance 
curve as a function of the angle of 
view of the surface under certain 
standardised lighting conditions. 
This graph should preferably be 
plotted as a family of curves in 
order to express the effect through- 
out a solid angle. For cases where 
the reflexion is rotationally sym- 
metrical about some point, a two- 
dimensional curve such as the curve 
on a cathode-ray oscilloscope is 
sufficient and offers a very con- 
venient means for obtaining these 
curves quickly. This can be done 
by many simple means. For ex- 
ample, this graph may be obtained 
in scartesian co-ordinates merely by 
rotating the photocell around the 
sample illuminated in a standard 
fashion and expressing the output of 
the photocell on the vertical plates, 
and by expressing its position by 
means of a potentiometer geared to 
the photocell on the horizontal axis. 
This type of presentation has been 
duplicated by slower methods such 
as pen recorders. In some cases, 
‘however, it is desirable to do this 
very rapidly. For example, if there 
are a large number of samples, it 
is necessary, continually, to draw 
these distribution curves. This may 
be done readily by means of the 
ioilowing system, which alsu enables 
the use of a standard sample for 
comparison: Two samples, one the 
standard and the other under test, 
ure mounted back to back and spun 
by means of a synchronous motor 
about the axis of the motor. At 
some angle arbitrarily chosen, or at 
90°, a photocell and light source 
are placed. As the samples are 
rotated by the motor, the angle, at 
which the photocell alternately 
views the standard and the sample, 
changes continuously. The photo- 
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cell output displayed with a syn- 
chronous sweep on a cathode-ray 
tube is then a graph of light 
reflexion as a function of the angle 
of view. Since the samples are pre- 
sented alternately, the curves 
appear simultaneous and superposed 
to the observer. 


Fig. 8 is a typical example of such 
a recording in which the reflexion 
irom a clear sheet of glass is com- 
pared with that of a sample treated 
with glare-reducing material. By 
means of intensity modulation, 
using a synchronised multivibrator, 
3° angle markers have been put on 
the baseline which was recorded by 
double exposure. This technique, as 
mentioned previously, should find 
wide application in any industry 


where’ surface specification is 
desired. With this type of presen- 
tation, changes of _ reflectance 


characteristic during a drying pro- 
cess can be seen. ‘This method may 
also be reversed by moving the 
photocell rapidly around the sample 
and drawing a great many curves 
as the sample dries. 


Polar Presentations 


It is more conventional in optics 
to express these light-distribution 
patterns in the form of polar rather 
than cartesian co-ordinates. These 
patterns are generally used to des- 
cribe the light distribution from 
lighting equipment such as photo- 
graphic flood lamps. These patterns 
may be readily produced on cathode- 
ray oscilloscopes, such as the Type 
275 polar co-ordinate indicator. 
This instrument produces polar 
diagrams which are synchronised 
with the motion of any rotating 
object merely by attaching the 
small lightweight, two-phase genera- 
tor to the rotating part.’ If a 
photocell is placed on the rotating 
shaft its output can serve as a 
measure of the amount of light 
reaching a certain point from all 
angles by applying the output of 
the photocell to the radial-input 
terminal on this indicator* Similarly, 
the light source may be rotated and 
the photocell remain stationary. 
Fig. 9(a) shows a cartesian light 
distribution obtained from a small 
flashlight bulb. Fig. 9(b) shows a 
similar light-distribution pattern in 
polar co-ordinates on the Type 275A 
indicator. Photocells and cathode- 
ray oscilloscopes have also been 
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used to scan the illumination of 
scenes being photographed to depict 
graphically the variation between 
highlight and shadow brightness so 
that, for example, the contrast 
range of the recording film is not 
exceeded.° 


Automatic ‘‘H and D” Curve 
Plotting 


One of the best specifications for 
the behaviour of a_ photographic 
emulsion is its ‘‘ H and D”’ curve 
which relates the photographic 
density. to the logarithm of the 
exposure. These curves are gener- 
ally produced by exposing either a 
stepped or continuously graded 
logarithmic variation of exposure 
along a strip of film, which is then 
processed in the usual manner. The 
dry film is examined by means of 
a densitometer and the _ results 
plotted on graph paper. This pro- 
cedure is quite laborious and time- 
consuming. The shape of the ‘‘ H 
and D”’ curve and its slope (the 
gamma) is affected widely by the 
conditions of development. 


In cases such as in motion-pictute 
processing where it is desirable tu 
develop to constant gamma in the 
face of increasing exhaustion of the 
developer, sensitometric strips are 
frequently included every few hun- 
dred feet so that the development 
may constantly be checked, at least 
visually. This check would be much 
more useful if the actual curves 
were drawn as each strip passed 
through the developer so that the 
development could be shortened or 
prolonged as required. 


Such an “H and D” curve:can 
easily be plotted by having the 
strips pass through an_ infra-red 
light beam to a photocell while in 
the developer. The resultant varia- 
tion in density is displayed on a 
cathode-ray tube. 

We have produced such an ‘‘ H 
and D”’ curve experimentally by 
examining the reflexion from a sheet 
of paper exposed from an Eastman 
circular step wedge. The resultant 
““H and D” curves obtained at 
three different times during develop- 
ment are shown in Fig. 10. The 
experimental setup used appears in 
Fig. 11. The exposed strip was 
mounted co-axially with a potentio- 
meter, which produced horizontal 
positioning as the exposed sheet 
was rotated in a tray of developer. 
The. wedge was illuminated by 
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means of the vertical lamp which 
produced a small spot of non-actinic 
light on the paper. The reflexion 
was plotted as a negative vertical 
deflection. The sharp peaks in the 
pattern are due to the black lines 
separating the various steps in the 
wedge. 


Cathode-Ray Tube Light Sources 


Present photographic flashlamps 
are gas-filled tubes and therefore 
limited with respect to the shortest 
flash that they can produce, mostly 
because of the finite velocity of the 
gas particles. Since cathode-ray 
tubes are vacuum tubes, they are 
not subject to these limitations, By 
the use of phosphors having ex- 
tremely short build-up and decay 
times, such as zinc oxide, it is 
possible to produce very short 
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Fig. 11 (left). Experimental 
setup in darkroom sink 


Fig. 14 (right) Negative and 
positive television film 
recording made with a 
continuous motion camera 


Fig. 13 (below). Photographs 
of a wire rotating at high 
speed, made with: 

(a) (left) a stroboscope lamp 
and (b) (right) a cathode-ray 
tube light source. The 
circle encloses the same 

wire in both cases 





Several experimental 


light pulses. 
cathode-ray tubes for use in pro- 
ducing these short light pulses have 
been built in connexion with the 
relaying of video information over 


light beams.’ In order to demon- 
strate the capabilities and advan- 
tages of such cathode-ray tubes over 
conventional lamps for stroboscopy 
at high speeds, the light output vs. 
time characteristics of such a 
cathode-ray tube have been com- 
pared oscillographically with that 
of the light from a gas stroboscope 
lamp. The results are shown in 
Figs. 12 and 13. Fig. 12 shows on 
the same time base the oscillogram 
of a 2-microsecond flash from a 
cathode-ray tube (a small spike) 
and the comparatively long light 
output from a stroboscope. Not 
only is the stroboscope flash much 
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-onger in duration, but it also rises 
and falls much less steeply and tends 
to oscillate. The effect of these 
light sources on a photograph is 
shown in Fig. 18. These two photo- 
graphs are pictures of a wire being 
rotated at high speed by means of 
a synchronous motor. The picture 
taken by means of the stroboscope 
is seen to correspond roughly to the 
oscillogram and to have both lead- 
ing and trailing edges blurred while 


the photograph made with the 
cathode-ray tube light source is 
acceptably sharp. Such cathode- 


ray tubes, capable of being modu- 


lated with high frequencies, also 
have been used _ successfully to 
replace the gas crater glow modu- 
lator tube which is capable of 


modulation up to only about 
15 Ke/s. These tubes have been 
successfully modulated at frequen- 
cies up to 10 Mc/s. 

An oscilloscope with a_ single 
sweep beam blanking circuit can be 
converted into a_ stroboscope of 
somewhat limited usefulness by the 
use of a short-persistence cathode- 
ray tube. The length of each light 
pulse may be controlled by setting 
the sweep speed. For studying elec- 
trical or other machinery, it is 
frequently possible to obtain a 
synchronising signal, connect it to 
the synchronising signal input on 
the oscilloscope and have a work- 
able stroboscope for illuminating 
small areas. A further advantage 
is the possibility of using the 
cathode-ray tube, both as a strobo- 
scopic light source and as a view- 
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ing tube to study simultaneously the 
electrical and mechanical charac- 
teristics of some machine or circuit. 
A further refinement lies in the use 
of a double beam tube in which one 
beam acts as a stroboscopic light 
source, the other beam as a con- 
ventional cathode-ray oscillograph. 
The advantage here is that very 
much higher speed phenomena may 
ve studied than is presently possible 
with gas tube stroboscopes. 


By the use of such short decay 
and build-up phosphors, it is also 
possible to make continuous record- 
ings of television programmes from 
a cathode-ray monitor tube, for 
example, by merely using the film 
motion as the vertical sweep and 
allowing it to spread a complete 
record of each frame of the televi- 
sion picture along the length of the 
film. Fig. 14 shows two recordings 
made in this manner with a Type 
814 oscillograph - record camera. 
There are here no complications due 
to the differences in frame frequency 
and shutter frequency since no 
shutter is used on the camera. The 
same method is used in the present 
‘* Ultrafax ’’ facsimile recording 
system. 


(To be continued) 
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Microwave Discriminator Circuit 


COMMON form 

discriminating device is the 
arrangement employing _ stagger 
tuned circuits. In this device two 
circuits are tuned so as to resonate 
respectively at two more or less 
closely adjacent frequencies and the 


of frequency 


circuits feed associated rectifiers 
whose outputs are combined in 
opposition. 

When such a circuit is required 


for operation at centimetre wave- 
lengths it is natural to use resonators 
of the cavity type rather than tuned 
circuits of lumped form. The use 
of cavity resonators, however, en- 
ables the arrangement to be simpli- 
fied to a striking degree insofar as it 
becomes possible to replace the two 
separate cavities by a single cavity. 
In this single cavity the source of 
excitation is so coupled as to set up 
two component oscillations of the 
cavity of differing mode. These 
modes take the place of the simple 
vibrations of the separate circuits in 
the normal arrangement, and the 
natural frequencies of the modes are 
thus selected accordingly. Further- 
more the cavity is arranged so 
that each component oscillation 
separately excites a rectifier. The 
remainder of the circuit is normal 
and the outputs of the rectifiers are 
combined in opposition in standard 
fashion. 
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The diagram shows the general 
form of the arrangement. A is a 
cylindrical conducting cavity con- 
ductingly closed at either end so far 
as operating frequencies are con- 
cerned. In the cavity the two modes 
of vibration are established, one as 
a transverse electric type, and the 
other as a transverse magnetic type. 
These may be those known conven- 


tionally by the notation TE», and 
TM:, respectively. If the cavity 
were of the form of a perfect right 
circular cylinder the natural fre- 
quencies of such modes would be 
identical. The frequencies, however, 
are made somewhat different by 
arranging on the end wall B a raised 
conducting annulus C coaxial with 
the axis of the cavity. This annu- 
lus has the effect of slightly reduc- 
ing the length of the cavity so far 
as the transverse electric wave is 
concerned, but does not significantly 
modify it in relation to the trans- 
verse magnetic wave. The _ two 
modes are excited by a single excit- 
ing loop not shown in the diagram, 
but which is inclined to the axis of 
the cavity. Output loops D, E, 
feeding separate’ rectifiers are 
arranged so that each couples to its 
respective mode and not to the 
other. In the instance of the trans- 
verse magnetic mode the plane of 
the coupling loop lies parallel to the 
axis of the cavity and in the trans- 
verse electric mode the plane of the 
loop is disposed perpendicularly to 
the axis of the cavity. 

As will be seen in the drawing, the 
end of the cavity opposite to the 
annulus C is closed by a piston F 
which can be moved along the axis 
of the cavity for the purpose of tun- 
ing the cavity as a whole. The 
piston does not touch the walls of 
the cavity, but has a skirt G which 
is spaced a small distance from the 
cavity wall and extends for a quarter 
of a wavelength parallel to the axis of 
the cavity, so that in effect the edge 
of the piston face is short circuited 
to the wall of the cavity. 


Obvious uses of the device are in 
the normal stabilisation and control 
of frequency of oscillators. The 
discriminator may, however, be 
adapted as a_ self-tuning cavity 
whose mean frequency locks auto- 

matically to an injected signal. In 
this manner it may be developed as 
a self-tuning “ echo box ” for the 
monitoring of radar equipment 
when real targets are not available, 
as may happen at sea. Another 
use for the circuit is in the fre- 
quency modulation of microwave 
oscillators. When arranged for this 
purpose an oscillator may be con- 
trolled by the discriminator and its 
frequency will then follow any small 
change in the length of the cavity. 
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Signal Noise and Optical Relations in 
Television Cameras 


ARLY _ television broadcasts 

were all made from the studio. 
This was not only due to the 
absence of such facilities as radio- 
links and _ outdoor broadcasting 
vans, but just as much to the lack 
of sensitivity of the early types of 
television pick-up tubes. The posi- 
tion has changed meanwhile, and 
the earlier discussion of the optical 
relations in television cameras, due 
to De Vore and Iams,’ will be 
extended in this article to the prob- 
lem of outdoor broadcasting and 
long-range television work. 


“ Noise ’? Considerations 


The signal strength of the received 
television image must be high 
enough to make the background 
noise negligible by comparison. The 
signal/noise ratio es/exn may be 
called satisfactory if it has a value 
of 40 db., although a value of 50 db. 
is desirable in half-tone pictures. 
As we are here only interested in 
the problem of the _ television 
camera, we can disregard the 
additional sources of ‘‘ noise” 
noticed in the received picture. The 
following considerations will be 
based on a signal-to-noise ratio of 
40 db. at the television camera 
output. 


The noise associated with the 
pick-up tube is due to three main 
components, viz., the random fluc- 
tuations (i) of the pick-up tube 
current is, the noise voltage appear- 
ing at the load resistor Ra» of the 
pick-up tube (e:'), and the noise 
originating in the circuits of the 
first amplifier stage (e;), expressed 
by its “equivalent noise resistance’’ 
Re. The other sources of noise in 
the amplifier can usually he 
neglected. 


These well-known relations apply : 


i = 2eisdf, and 
ea = = i Ra. » or 











e’ = 8.2 X 10-” Reisdf ...... (1) 
e’ = 1.6% 10-" Redf _...... (2) 
es = 1.6% 10-" Redf ...... (3) 
i, in #A, df in Me/s., 
R., Rea in ohms. 
* Formerly Cathodeon Ltd. (Pye Ltd.), now 
ted Electrical Industries Ltd., Research 


Laboratory, Aldermaston. 
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Symbols Used 


distance of from 


ad, = average scene 
camera (ft.) 

Ay = width of scene (ft.) 

a = viewing angie (tana/2 = A,/2a,) 

A, = width of photocathode or mosaic 
(inches) 

f = focal length of lens (inches) 

D diameter of lens diaphragm (inches) 

F = f-number of lens (F = f/D) 

‘A, = depth of focus (ft.) 

A = hyperfocal distance (ft.) 

t = transmission factor of lens 

B surface brightness of televised objects 
(candles/ft?.) 

L = light flux falling on photocathode or 


mosaic (lumens) 


o = ‘‘overall’’ pick-up tube sensitivity 
(a/lumen) 

N = number of scanning lines in television 
picture 

df = bandwidth of pick-up tube amplifier 
(megacycles/s) 

is = sot current delivered by pick-up 
tube (uA) 

es = signal voltage 

en = noise voltage 

Ra load resistor in pick-up tube output 


circuit (ohms) 











The total noise voltage is then 
en = (er + e2 + es)}, and the sig- 
nal/noise ratio es/enxn becomes: 


es/ex = 10isR. [3.2 x 10-°Re ts + 

1.6 (Ra + Rea)]-) (df)-! (4) 

The signal/noise ratio is given in 
Table I for a few representative 
values of is and Ra, for a standard 
bandwidth of 1 Me/s. and Req = 
500 ohms.* 


*In a more accurate treatment of the signal 
noise problem, the shunting effect of the input 
capacitance ‘Ci of the amplifier would have to 
be included, leading to the replacement of 

4’ 

Req by Req(1 +—3 Ra*Citdf*.) The influence 
this correction term is negligible, with the values 
of Ci and df used in modern practice, except when 
Ra has a very high value, of the order of 10° to 
10° ohms. Even in this case the signal/noise. hn 
will be within 1 or 2 db. of the values listed in 
Table [, which is based on eqn. (4). 


Geometrical relations in camera 


This table demonstrates that for 
small signal currents (less than 0.1 
HA) the noise is mainly due to the 
load resistor Ra. In this noise cal- 
culation, no account is taken of any 
noise introduced by the electron 
multiplying stages of pick-up tubes 
incorporating secondary electron 
multiplication of the primary photo- 
electric current. The signal/noise 
ratios given in the two last lines of 
Table I, which apply at present only 
to secondary multiplier pick-up 
tubes, are therefore higher than can 
be expected in practice. Further, 
it is not yet known how far 
Equation (1) applies in the case of 
a mosaic electrode, 

A graph of the signal/noise ratio 
following from Equation (4) is given 
in Fig. 2 for several values of load 
resistor Ra, for 1 Mc/s. bandwidth. 
If the amplifier bandwidth is greater 
than 1 Mc/s. the corresponding 
values, in db., listed in Table II 
have to be subtracted from those 
shown in the graph, Fig. 2, for the 
values of is and Ra selected. 

The greatest resistance value Rs 
which can be used is approximately 
given by the relation R.adf = 
constant’, The value of this con- 
stant depends on the type of ampli- 
fier circuit used, on the shunt 
capacitances of pick-up tube out- 
put and amplifier input, and on 
the required degree of ‘‘ flatness ”’ 
of the frequency response of the 


amplifier. For a compensated wide- 
band amplifier of 1 Me/s. band- 
width a value of R. = 10° ohms 


would seem to be already fairly 
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TABLE | TABLE 3 
Ra = 10? ohms Ra = 10* ohms Ra = 10° ohms Ra = 10° ohms Type of Tube | (uA/lumen) | Reference 
's ——|— ~ - = Se —_ $$ — | $$ —____— |} —— €: ' 
(ua) es/en db es/en | db es/en | db es/en db Iconoscope | 
a 4 |- ae at : B a Emitron | 0.3 3) 
0.00: | 02 | —I4) 08 —2 | 25 | +8 7.8 +18 Super-emitron | a 4) 
gt i aie a oe as 25 Bae eam Orthicon 4 5) 
0.1 | 20 26 | 79 we | Bx 47 46 x 10! 53 Image-orthicon | 400 6) 
1 | 20x10! 46 7x0! | 57 | 14x10 63 | 17x10 | 65 
10 =| 19x 10 65 45 x 10? 73, | 55x10 75 | Séxio | 75 AVERAGE OVERALL 
PHOTO-SENSITIVITY 
TABLE 2 . : 
the iconoscope type of pick-up 
df (Mcjs.) ...) 1 | 4.5 Se OR oe er EE Es. 20 tube is of the order of 1 per cent to 
“a ak ee Tas a 4 | 48 6 7 | 10 |Ra=const. 3 per cent, whereas it is near 50 
ey or ns i a WE = ee es a cent in the orthicon type of D 
high, and R. = .25 Megohms about Equation (5) can therefore be f —. — hegeein 3 e “age 
the maximum practicable value, if written in these alternative forms cag ce ti ig ninitad af the 
the need for excessive compensa- which are often more convenient to ee ee ee a ad 
» sole ogettiers AE bois pick-up tube and on the level of 
For a 405-line 50-frames_ inter- B AY D’ illumination reaching a eane a 
er Bh Biagee A ame: |, = —— lumens, ....... (8) ing off with increased illumination. 
aced picture with an aspect ratio 100f For low illumination levels, these 
of 5:4, the amplifier bandwidth or average values of can be assumed 
would have to be about 2.5 Mc/s. L= Le D'tan’«/2 lumens for the different types of present- 
_ — graph, ie 2, and Table —_ j i day pick-up tubes (Table ITI): 
meee 3, we se : that vi — Se Py, like Lae bade d obicomee nd (9) To obtain a satisfactory output 
a signal current of is = 0.08 sa : ae i sex =: in ¢ 5 
“A for a “satisfactory” picture The signal current is is then: ae Ret ll pest aie a: 
ee = 40 db.), the maximum is = of, LA civ nee dina ease ee vwne (10) Mc/ S., Rz ag; 10° ohms) these quan- = 
R. et ea load resistor being where ¢ is the “ overall sensitivity ’”’ titative relations must then be ful- Fi 
ae ohms. of the pick-up tube in #A/ lumens. filled : 
leoacpeihi Bio ‘tan’a/2 > 
Pick-up Tube Sensitivity and Choice of The “ overall sensitivity ”’ ¢ is the = ed bitdig ob 
Lens System product of these three factors: (i) 27 1conoscope, emitron vi 
We hav ‘ primary photo-sensitivity of photo- 2 super-emitron, orthicon net 
e have now to consider how we cathode or mosaic, (ii) internal effi- 0.02 image-orthicon............... (11) ran 
have to choose the optical system of  ,; P : seas : : ; ‘ 2 my 
I isi AR ciency factor, and (ili) secondary In this equation, B is measured in cal 
the television camera to obtain the electron multiplication factor (if dl s/f peng ne | “¢ * 
required signal current of 0.08 “A. licable ieee iaisiaia ones 7 gr oP a stg? - 
with modern pick-up tubes. applica : e). ; In studios, a surface brightness tw 
The total light flux reaching the The internal efficiency factor of of about 100 candles/ft’ is usually ie 
photo-cathode or mosaic is dif 
-- 7B 1 Ar ani 
rey ww lumens fie! 
es Dib Cal 
he transmission coefficient t of are 
the lens depends on the number of ae 
glass-air interfaces in the lens, and cal 
may be anything between .3 and .8, “a 
being mostly near .5 in high speed SCé 
lenses. For sake of simplicity, we < 
assume t = .46, as this makes the : 
— factor 7t/144 = 1/100. Fig. 2 Signal —_ ba 
ne tio (db) a ti ‘ 
— a pik up une juetant ba 
l 2 yd ‘ several values a res 
= ——— lumens (5) oad resistance a siz 
= Bisoitacsce : lent 
~ 10 F esien gee tel 
In using this formula, the angle —— dit 
subtended by the scene can be cal- th 
culated from the used width of the a 
photo-cathode A:, the focal length 
f and the speed F of the lens, with 
the help of the relation 
A Ao 
tan «/3 = - ee ee : aa 
/ 2f Qan (6) : 
bj 
The effective lens diameter fo 
(diaphragm) of the lens is given by po 
= B 
Jed | pA ae a aa (7) abc 
iu 
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6 r 5° 10° 20° 50° 10° 
Qa 
Fig. 3. Minimum diameter D cf lens diaphragm as function of 


viewing angle % of iconoscope camera for several values of object 
f Ra=IC° 


brightness B. df=2.5 Mc/s. 


obtained in the high levels. In out- 
door broadcasts, the surface bright- 
ness level varies considerably, be- 
tween 1 candle/ft’ and_ 1,000 
candles / ft.’ Under ‘‘ normal ”’ 
daylight conditions, B will be be- 
tween 10 and 200 candles/ft* in the 
open.* 

Diagrams of lens sizes required for 
different levels of surface brightness 
and different sizes of the angular 
field covered by ‘the television 
camera, based on Equation (11), 
are given in Figs. 3 and 4. Fig. 3 
refers to iconoscope or  emitron 
cameras and Fig. 4 to super-emitron 
or orthicon cameras _ (left-hand 
scale) or to image-orthicon cameras 
(right-hand, scale). 

The diagrams, Figs. 3 and 4, are 
based on a pick-up tube amplifier 
bandwidth of 2.5 Mc/s., and a load 
resistor of Ra = 10° ohms. The lens 
sizes or viewing angles possible with 
television systems employing a 
different bandwidth can be easily 
obtained from these diagrams with 
the help of the relations: 

D tana/2 = ki(df) ¢...... (12) 
for Ra = constant 
D tan«/2 = k:(R.)-},.... (18) 
for df = constant 





* The surface brightness B in candles/ft® of a flat 
object is connected with the numerical value, in 
foot-candles, of the incident illumination I by the 
formula B= RI/z, where R is the reflexion 
coefficient of the object surface ; as a rough guide, 
B will therefore have a numerical value which is 
about 1/10 of the numerical value of the incident 
iNumination in foot-candles. 


Fig. 4. 


ohms 


following from the condition of 
keeping the signal/noise ratio con- 
stant. For a given viewing angle, 
the lens diameter D will therefore 
have to go up, in high definition 
systems, in proportion to the 
number of scanning lines employed. 


In using the diagrams, Figs. 3 and 
1, the required width A: of the 
photocathode can be determined 
from the viewing angle ¢ and the 
effective lens diameter D, once the 
focal length f or the lens speed F 
has been chosen, or the required 
focal length f and lens speed F can 
be obtained from the given size of 
the photocathode or mosaic. Alter- 
natively, the minimum _ viewing 
angle which can be obtained for a 
given brightness and given dimen- 
sions of lens and photocathode may 
be worked out. 

If the overall sensitivity 7 of the 
pick-up tube should be materially 
different from that listed for this 
type in Table III, the graphs, Figs. 
3 and 4, can still be, used if cor- 
rected with the help of the formula 


a D’tan’«/2 = 9% D.*tan’«.,/2,.... (14) 


where 9, D and « are the corrected 
values, % the value of ¢° listed in 
Table III and D. and « the values 
of D and « taken from the graphs. 


With the help of Equation (11) we 
can also answer the question of how 
the optical system of the television 





viewing angle « for several values of object brightness B. 
scale D—super-emitron. 
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100° 


Minimum diameter D of lens diaphragm as function of 


Left-hand 
Right-hand scale—image orthicon df=2.5 
Mc/s. Ra=10° ohms 


camera must be adjusted to give the 
same resolving power as the human 
eye. This resolving power is 
approximately 1.5 minutes. The 


‘viewing angle of a 405 lines televi- 


sion picture giving the same resolu- 
tion, i.e., 1.5 minutes per picture 
element, is then 10°, about one- 
fifth of the viewing angle of the 


buman eye. As tana@/2 = .087 in 
this case, we have 
BD = 


(3600, iconoscope, emitron 


/ 260, super-emitron, orthicon 


{ 2.6, image-orthicon ......... (15) 
Equation (15) indicates that the 
iconoscope type of tube would 


require a lens of 6 in. diameter to 
transmit satisfactorily objects of the 
relatively high surface brightness of 
100 candles/ft*, and impracticably 
large lenses for objects of lower 
brightness. The — super-emitron 
‘amera and the orthicon tube could 
give the required resolution with 
reasonably sized lenses even under 
fairly bad lighting conditions. 

The problem becomes rather more 
difficult if the television camera is 
used as a telescope, giving a ‘‘ close- 
up ” view of a distant object. If 
we require the television camera to 
reveal as much detail as a good pair 
of field glasses, magnifying 10 ~ , our 
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relation would be 


BD = 
bred x 10°, super-emitron, orthicon 
260, image-orthicon ............ (16) 


We see that tubes of the high 
sensitivity of the super-emitron or 
orthicon cannot transmit such a 
telescopic picture satisfactorily 
under the best lighting conditions, 
even if a large diameter mirror 
optical system (Schmidt camera) 
were used. However, if we reduce 
our requirements to an “‘ accept- 
able ”’ signal-to-noise level of 20 db., 
a telescopic picture (10x enlarged) 
could be trartsmitted at the highest 
levels of outdoor illumination with 
ordinary lenses of large diameter 
(4 in. to 6 in.), whereas a Schmidt 
camera with a 12 in. mirror would 
allow ‘“‘ acceptable ”’ transmission of 
objects of a surface brightness of 
about 20 candles/ft*. The best 
answer yet to the problem of tele- 
scopic television cameras is there- 
fore the use of pick-up tubes of the 
image-orthicon type. 

The small viewing angles needed 
in telescopic television cameras 
would require the development of 
special pick-up tubes which can give 
high resolution with small photo 
cathode areas, to obviate the use of 
quite impracticable optical systems. 
Tubes of the super-emitron type and 
the image-orthicon type would lend 
themselves particularly well to this 
purpose, as the ‘“‘image converter’’ 
section can be designed to enlarge 
a small section of the photocathode 
electronically, eliminating the loss 
of resolution inherent in small sized 
mosaics To give a_ practical 
example, the telescopic television 
camera giving a magnification of 
10 x would require a viewing angle 
of a = 1°. If the photocathode had 
a Biantuber of 1 in., as found in some 
recent pick-up tubes, the focal 
length of the camera lens would 
have to be 58 in. By making the 
used width of the photocathode 
only .2 in., increasing at the same 
time the electronic magnification of 
the image converter section by a 
factor of 5, the focal length of the 
camera lens could be reduced to 
(58/5)in. = 11.6 in. If the effective 
lens diameter D is kept as great as 
for the 58-in. lens, the same light 
flux would be collected, and the 
same signal level obtained as with 
the larger cathode and longer focus 
lens. 

The graph, Fig. 2, taken together 
with Tables If and If], or graphs, 
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Figs. 3 and 4, and Equations (5) to 
(13) allow the working out of all 
optical questions arising in televi- 
sion camera work, except those 
where the limited ‘depth of focus 
near the camera must, be taken into 
consideration, i.e., in studio scenes 
and in foreground scenes outdoors. 


For completeness, we note there- 
fore these formule for the hyper- 
focal distance H (distance from 
which all objects are in focus if the 
camera is focused on infinity) and 
the depth of focus A (range over 
which the image is sharply focused), 
under the assumption that the 
largest tolerable disk of confusion 
has the size of one picture element 








= Ai/N): 

eo {DN DN_ 

a 124A:  24tana/2’ (17) 
and ‘ 

As = for scenes near the 
camera-(ac< <7 ).. ............... (18) 
The near focus limit is 

= Hea 
ay H + a 
ree Aes Wenke we ee (19) 
and the far focus limit 
” H do 
i on xe ado 
RTE EEGe eR (20) 
In these formule, /, D and A: are 


measured in inches, the distances in 
feet. 


Our discussion of the optical 
relations in television cameras has 
demonstrated that the photo-electric 
sensitivity of the pick-up tube plays 
an all-important part in television. 
The recent introduction by the 
B.B.C. of the new C.P.S. Emitron 
camera tubes has brought the prac- 
tical proof through “the greatly 
increased range and quality of 
outdoor television broadcasts, as wit- 
nessed by the very successful trans- 
mission of the Olympic Games 
events. 
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Compensation for Wear in a 
Magnetophone Recorder Head 


OUND recorders of the magneto- 

phone type make use of two 
oscillatory currents in the recording 
head. One of these currents is the 
audio frequency modulating current 
that effects the magnetisation of the 
recording tape. The other is the 
high frequency current whose func- 
tion it is to overcome the effect of 
magnetic hysteresis in the tape. It 
is found in practice, however, that 
the continual passage of the tape 
between the pole pieces of the head 
wears the pole pieces, so modifying 
the flux between them and reducing 
the effectiveness of the high fre- 
quency current. To surmount this 
difficulty it has been customary to 
increase the high frequency current 
fed to the head as the pole pieces 
wear. 


In order to avoid the necessity of 
such periodic adjustment a simple 
scheme has been derived by which 
the adjustment is achieved auto- 
matically and, moreover, in a con- 
tinuous manner so that the action 
of the high frequency current on 
the tape is maintained always the 
highest possible. 


The scheme depends on the use 
of a compensating capacitor whose 
capacitance operates to tune out the 
inductance of the high frequency 
windings of the head. This use in 
itself is standard practice and is 
necessary to obtain a large current 
in the windings. However, what 
has now been effected is to tune the 
high frequency windings not to 
resonance but to some frequency 
slightly below resonance by employ- 
ing a slightly larger tuning capacitor, 
This being so, as the pole pieces 
wear and the inductance of the 
windings is in consequence gradually 
reduced, the windings by a con- 
tinual process come more _ into 
resonance and the current in them 
is steadily increased as desired. 


The scheme is equally effective as 
applied to the erasing head where 
a similar high frequency current is 
used for removing existing magneti- 
sation of the tape. : 


—Communication from E.M.I., Ltd. 
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The Practice of Printed Circuits 


By P. P. HOPF* 


ECENTLY expressed opinion on 

the printed circuit technique 
and its uses in the electronic indus- 
try has shown that there is con- 
siderable and widespread misunder- 
standing not only of possibilities, 
but mainly of its use as an aid to 
the electronic constructor. 

A number of publications, particu- 
larly on techniques developed in the 
U.S.A., have tended to create the 
impression that the printed circuit 
itself is a ‘‘ throw-away”’ unit. 
Such a unit is obviously not fitted 
for the European market, and while 
mass production at a cheap rate of 
‘‘throw-away ” units might enter 
the American market, developments 
in Britain have not been on these 
lines. The printed circuit tech- 
nique, as developed here, is a new 
technique requiring new ancillary 
operations of a circuit layout or 
sub-assembly in which parts are 
replaceable and which can _ be 
mended or repaired. 

The object of this article is not to 
give instances where this technique 
can be used in design and construc- 
tion of circuits, but to inform the 
electronic engineer on the nature of 
the tool that has been offered to 
him, and on the way it should be 
handled and treated. 

The orthodox technique of con- 

structional assembly may be re- 
garded for the purpose of this 
argument to consist of metal or 
plastic chassis on which pre- 
manufactured components such as 
valves, coils and_ resistors and 
capacitors are connected and fixed 
by means of wires, screws and 
rivets, using the soldering iron or 
the screwdriver. Indeed, a large 
industry has developed in the pre- 
manufacture of such components, 
and each component is regarded as 
being manufactured within certain 
.tolerances to give a certain life, 
after which most of them will be 
discarded. In other words each 
component is in itself a ‘‘ throw- 
away”? unit which has been ac- 
cepted by the constructor as part 
and parcel of his technique. 

The printed circuit method has 
been regarded as something that ill 
fits this technique, and yet some- 
thing that cannot be entirely 
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Fig. | (above). 


Fig. 2. Printed circuit 

showing miniature re- 

sistor and wire 

soldered directly into 
the circuit 


ignored. It is not surprising, there- 
fore, that there is _ considerable 
opposition among constructors to 
printed circuits, and to introduce 
what appears to be just another 
*‘ throw-away ”’ unit to replace the 
wiring which so far has not given 
great trouble, and is comparatively 
inexpensive. The tendency in this 
country has been to regard printed 
circuits as something that is useful 
in miniaturisation and yet a retro- 
grade step for large scale construc- 
tion, especially in view of the fact 
that neither the soldering iron nor 
the screwdriver find much use in 
connexion with this technique. 
There is also a natural reluctance 





Sub-assembly showing wiring with one capacitor and two resistances in place 





long-tried 
available on a large scale, and at 
reasonable prices, in favour of new 


to discard components 


ones. This impression which pre- 
vails is entirely erroneous, and if 
allowed to persist will hold up de- 
velopment of a new and promising 
production technique for years. It 
is only natural that in order to test 
the value of the technique it should 
be first adapted to existing methods 
of circuitry, and that the constructor 
should try to find a place for printed 
circuits in his present assembly. 
While this is undoubtedly a natural 
point of view it must not be for- 
gotten that the printed circuit is a 
revolutionary technique, and when 
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Fig. 3. Circuit printed on bakelite showing line terminals and space for capacitor 


fully introduced and fully developed, 
aims at increasing production and 
putting the assembly line on an 
entirely different basis; thus it is 
likely that the soldering iron may 
eventually be replaced by chemical 
solutions, and the screwdriver by 
plastic presses. This aspect may 
sound frightening at iirst, vet, as 
will be shown, difficulties introduced 
are not great and the technique may 
offer considerable advantages from 
the point of view of increased pro- 
duction at lower cost. It would be 
premature to say that the technique 
has been developed in the labora- 
tory to its fullest possibilities, and 
that all problems in connexion with 
printed circuit technique have been 
solved. Problems arising in the 
construction of various: receivers are 
not identical and will have to be 
tackled individually, yet the tech- 
nique has now reached a state where 
it must enter the industry and the 
assembly line. Development has 
reached a stage where the advan- 
tages are apparent and can be 
translated into money-saving and 
improved performance. 

Wiring 

The first step in the application of 
the technique is the wiring, and 
unlike the orthodox method of 


assembly, the printed wiring is to 
be regarded as part of the chassis. 

In the ‘ Elargol’’ technique to 
which the author has confined him- 





self, this wiring ts_ printed in 
metallic silver by an offset press. 
The chassis may be in any plastic 
material including low temperature 
thermo-plastic materials, and high 
temperature ones such as polytetra- 
fluoroethylene, and all types of 
thermo-setting materials, princi- 
pally the electrical bakelites. The 
chassis may or may not be pre- 
formed or pre-drilled and may be 
flexible or rigid. It may consist of 
0005” polystyrene film or of silicone 
plates of } in. thickness. 

The circuit is laid out in much the 
same manner as a wiring diagram in 
which only the wires themselves are 
drawn to scale. This is then printed 
by the photo-offset method described 
in a previous article.* The width 
and thickness of silver deposit can 
be specified to close limits and 
naturally governs the performance. 

If the printed line is overloaded 
this will lead to heating which may 
be detrimental to the plastic, and 
before laying out the circuit it is 
necessary to know what currents 
have to be earried, in order to 
specify the width and thickness of 
the deposit. Normal deposits are 
one thousandth of an inch thick and 
a line of 1/16th of an inch in width 
can carry 1 amp. safely for an 
indefinite period, while a line of 
double that width can carry 2.5 
amp. indefinitely without apprecia- 


* Electronic Engineering, June 1947, p. 193. 
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ble heat. There is, however, no limit 
to the width or thickness of line that 
can be printed. In laying out the 
circuit it is important that the 
designer should divorce himself as 
much as possible from the ideas of 
orthodox construction. It is often 
possible to place components in 


much closer proximity, and to 
include in the wiring items not 
normally included; thus, for 


aerial may be 
around the 


loop 
frame 


instance, a 
placed as a 
circuitry. 
Crossing of wires is effected by 
drilling through the chassis, when it 
is easy to silver the inside of the 
drilled hole for conducting purposes. 
Rivets or screws may he _ placed 
through the circuit, but although 
this method of contact may seem 
attractive to the designer used to 
orthodox wiring, much of the value 
gained by printed circuits is lost by 
the introduction of unnecessary 
components of this nature. The 
print may be soldered directly, 
giving joints of serviceable strength. 
(50 lb. pull on an average joint can 
easily be obtained). There may, of 
course, be joints where greater 
mechanical strength is required, and 
here rivets have to be used. When 
selecting a suitable solder it must 
be at least as flexible as the plastic. 
Bismuth-tin solders which are 
attractive for their low melting 
point and small affinity for silver 
are unsuitable because they are too 
brittle. Best results are obtained 
with a resin-cored lead solder pre- 
viously saturated with silver, and 
ordinary silver solders using non- 
corrosive fluxes, all of which are 
commercially available. With these 
materials even unskilled operators 
can make soldered joints quickly 
and efficiently. | While the present 
state of the art does not permit the 
complete elimination of soldered 
joints, the designer should reduce 
these to a minimum, as they must 
only be regarded as links of the 
printed circuit to the parts that can. 
up to date, not be printed, and to 
outside connexions such as_ loud 
speaker leads, etc. Other points 
that should be remembered are that 
for the sake of servicing it is an 
advantage to arrange the chassis so 
that the tap-off holes or joints lie 
near the edge-of the panel, so that 
the panel can be regarded as a unit 
which is connected to the rest of 
the components by eliminating 
leads from a minimum number. of 
points. This gives an easier access 
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to the printed panels and allows for 
quick and efficient repairs. 

One of the important points to the 
electronic engineer is the question 
of repair. It cannot be too strongly 
emphasised that any repair to the 
circuit can easily be done without 
complete replacement of the printed 
unit. A colloidal silver solution like 
‘* Elargol ’”’ W.8 may be applied by 
brush with subsequent stoving for 
a short time at a low temperature, 
say 20 minutes at 85° C. or five 
minutes at 120° C. Taking for 
example an extreme case of a bake- 
lite chassis having broken right 
through, thereby breaking several 
printed lines on both sides of the 
chassis. First the plastic is 
gummed together with a suitable 
adhesive, preferably a_ bakelite or 


any other resinous adhesive. With 
a suitable brush the gaps in the 
silver line are bridged with 


‘‘ Elargol ’’ solution and the chas- 
sis put into an oven for 10 minutes 
at 100° C. (a temperature which is 
quite safe for all bakelites and most 
other plastics, but due regard must 
be paid to components of the capa- 
citors). It is then removed and the 
gaps are bridged on the other side, 
and the process repeated. If these 
repairs are to be done on a large 
scale, both sides can be bridged at 
the same time, and the plastic 
stoved in a jig. The repair is a 
permanent job which will not affect 
the performance of the circuit. It 
is also often possible to return the 
print to the makers to be over- 
printed without affecting any other 
components on the chassis. This, 
however, in most cases would prove 
too expensive. 


Resistors 


The usual printed resistance is a 
film of graphite or carbon sus- 
pended in a_ suitable resin and 
applied between the two terminals. 
This is then adjusted to a given 
value by scraping away some of the 
material while measuring on a 
bridge. It is often difficult to adjust 
this value while the resistance is 
part of a circuit, and may be con- 
nected to other components. 

The “ Elargol ” resistor developed 
in these laboratories does not use 
this method, which although accept- 
able for many purposes, flavours of 
the ‘‘throw-away”’ unit, The 
“‘Elargol ” resistor consists of a 
fine grid system printed in a resis- 
tance material on to thin plastic 
film to definite values. The small 
plastic lamina has silver terminals 
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Fig.4. 1.5 1H coil on bakelite in‘ Elargol! ’’ 
showing the drawing from which the print 
was made 


printed on it, and is inserted into 
the circuit by means of an adhesive 
and under slight heat and pressure 
to ensure perfect contact of the 


—_—=— - 


terminals, also complete adhesion to ‘ 


the plastic chassis. This resistor 
when inserted is part of the printed 
circuitry, but is in itself a_pre- 
fabricated unit, i.e., all measure- 
ments are done before it is in- 
serted. These flat lamine can be 
made to specifications within 5 per 
cent, as far as ohmic resistance is 
concerned for a definite length or 
width, ranging from 250 ohms to 5 
megohms. Their rating can be 
specified as from 4 watt to 1 watt. 
For high resistance values it is not 
recommended to use these resis- 
tances at a rating of more than 
4 watt. The lamina is placed with 
the resistor face downwards on the 
chassis so that the plastic film back- 
ing acts as a protective layer. For 
further protection it may be painted 
over with a suitable varnish, say a 
urea formaldehyde non-tracking 
varnish. This pre-formed printed 
resistor, apart from great advan- 
tage in cost, particularly where test- 
ing is concerned, allows quick and 
easy repairs to be carried out. 

To replace an ‘ Elargol’”’ resis- 
tor the existing resistor is dissolved 
out with a suitable solvent such as 
carbon tetrachloride, ‘trichlorethy- 
lene or petrol. This ‘dissolving out 
process for a faulty resistor is easily 
carried out with a wad of cotton 
wool soaked in the solvent, or by 
painting the solvent over the resis- 
tor and allowing it to stand for a 
minute and then wiping off with a 
soft cloth. The resistor can then be 
replaced by another pre-printed 
unit, by just pressing it in, prefer- 
ably but not necessarily with a 


















warm iron (80° C.) and then painting 
over with a non-tracking varnish. 
It is, however, often an advantage 
to the designer to insert a standard 
resistor rather than have a printed 
one. The best method available at 
present for this is soldering a minia- 
ture resistor directly with the 
shortest possible leads to the printed 
wiring. This may arise in cases 
where no space is available on the 
chassis but sufficient space above it, 
or where the resistor is intended to 
bridge large gaps on the circuit. 
It may also be advantageous where 
ratings or values are desired which 
cannot be conveniently printed. 


Coils 


Coils may be printed as part of 
the wiring either on the chassis or 
on a cylindrical plastic core, and 
the remarks made on wiring apply 
to these coils. Again it will have 
to be taken in consideration whether 
more space is available above or 
below the panel. If space is avail- 
able above, it is an economical 
advantage to print it as part of the 
circuit, as this will in no way in- 
crease the cost of the print which is 
independent of circuit intricacy. 
The choice of coil, as far as shape 
and number of turns are concerned, 
is a question of electronic design. 
It is sufficient to state that coils 
can be printed like wires and the 
lines may be of any desired width 
down to .005 in., but it must be con- 
sidered that as the width decreases 
the thickness of line that can con- 
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veniently be printed also decreases, 
and hence the resistance increases, 
which would have an obvious detri- 
mental effect on Q for a very few 
lines. 


Capacitors 


Capacitors, like resistors, will 
have to be pre-formed and inserted 
afterwards as part of the print. 
The most convenient form known at 
present is the flat ceramic disk 
which is being developed by. various 
capacitor manfacturers at_ the 
present time, and can already be 
made of materials with high values 
for K. These ceramic disks are 
silvered on both sides, the face 
being connected to the printed wire 
either with a conductive adhesive 
such as ‘“ Elargol W.8” or by 
melting solder at the interface. The 
top may be connected either by 
soldering a small piece of foil 
between its silver and the silver of 
the conductive line, or where pos- 
sible by painting a bridge down the 
side of the capactor in the manner 
described for the mending of wiring. 
Similarly, a conventional unit may 
be soldered into the circut. These 
disks may be of rutile or high per- 
mittivity steatites, their faces being 
ground to give a flat disk. To re- 
place such a unit either the adhesive 
is dissolved, or the solder melted by 
local heating. It may then be 
replaced by a new unit. This capa- 
citor cannot, of course, be described 
as a printed unit. At present it is 
the type of unit that fits the printed 
circuit technique most closely and is 
known to give satisfactory perfor- 
mance for most purposes. On the 
same lines a piled mica capacitor 
may be inserted, the principal diffi- 
culty in either case being that this 
type of capacitor has not the same 
flexibility as the plastic chassis and 
being of a brittle nature, may be 
more likely to break. 

For low value capacitors it is 
often advantageous to use the 
chassis itself as a dielectric, in which 
case the plastic chosen will have to 
be of a suitable permittivity, and 
a pre-determined area of silver is 
printed on either side of the chassis, 
and suitably connected within the 
printed wiring. This is the only 
type which can be truly described 
as a printed capacitor and sufficient 
precision mav be obtained in this 
way for smaller values. This type, 
when faulty, is repaired in the same 
way as the wiring, as indeed it is 
part of the wiring, and may be 
adjusted by scratching out the silver 
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Fig. 5. 10,000 and 100,000 ohm resistances, 
showing resistor grid and silver terminals 


with a suitable tool. This type has 
so far not been widely used. 


Other Components 


Sub - miniature valves may _ be 
soldered directly into the circuit, or 
suitable holders may be soldered in. 

The same applies to miniature 
valves where the pins may be bent 
over and envelope strapped horizon- 
tally to the chassis. The conven- 
tional valve holder, however, will 
have to be mounted in the orthodox 
fashion and connected in this way. 
There is no reason why a suitable 
new valve holder should not be 
designed to be part of the printed 
circuit. It is sometimes beneficial 
to the designer to separate printable 
units, i.e., that can form parts of 
the printed circuit from the un- 
printable ones, such as valves, vari- 
able capacitors, etc., and to mount 
these in the orthodox fashion and to 
connect to them the printable com- 
ponents on a separate chassis, Thus 
the printed circuit may be regarded 
as a composite unit of the orthodox 
complete circuit. A complete 
assembly can be envisaged to con- 
tain several such composite units 
mounted in various fashions. 


General 


It is often convenient to coat the 
whole printed assembly or sub- 
assembly by dipping in a solution of 
rubber or non-tracking varnish for 
tropicalisation. This step is either 
costly or complicated, but care 
should be taken that the varnish is 
of such a nature that it does not 
attack the plastic chassis or any of 
the components. 

It is felt that this new technique 
opens new fields for the designer 
and the electronic engineer, leading 
to increased production at lcewer 
costs. 
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New Electrical Engineering 


Building at Illinois 


1. new $2,000,000 electrical 
engineering building of the 
University of Illinois at Urbana, 
Illinois, will be formally dedicated 
at ceremonies extending from 
May 19 to May 21. The planning 
of this building was under the direc- 
tion of Dr. W. L. Everitt, head of 
the electrical engineering depart- 
ment and recently appointed as 
Dean of the College of Engineering. 


An important feature of the 
dedication ceremonies will be a 
symposium whose main theme is 
‘* Expanding Frontiers in Electrical 
Engineering.” 


In addition to the technical 
symposium, a general sessions pro- 
gramme will be devoted to the 
“Development of an_ Electrical 
Engineer ”’ both in college and in 
industry. 


The new building is of modified 
Georgian design. It has ample 
classrooms and laboratories for ex- 


perimental work in communica- 
tions, illumination, measurements, 
servomechanisms, and __ electrical 


machines. The machines _labora- 
tory, for example, covers an area 
of 12,400 sq. ft. and is equipped with 
fluorescent lighting, sound. proofing, 
and forced-air ventilation. Electric 
transfer cables are provided to class 
and conference rooms throughout 
the building to facilitate lecture 
demonstrations. 


The former electrical engineering 
building has been renamed the Elec- 
trical Engineering Research Labora- 
tory and has been reconditioned to 
make room for a rapidly expanding 
research programme. At, present it 
houses an electron tube research 
laboratory which is completely 
equipped for the design and develop- 


ment of experimental tubes. Space 
has also been provided for the 
accommodation of an_ electronic: 


computer which is to be constructed 
in the near future. 


Guided tours will be conducted 
through both the electrical engineer- 
ing building and the electrical 
engineering research laboratory to 
allow visitors to inspect the avail- 
able facilities. Most of the labora- 
tories will be in operation—with 
students conducting typical experi- 
ments and performing electrical 
demonstrations. 
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Leakage Inductance 


By N. H. CROWHURST 


| principle of leakage induc- 
tance or reactance will be quite 
familiar to transformer designers, 
but due to a possible ambiguity as to 
definition we here define the quan- 
tity as it will be determined from the 
data sheet on page 138. Due to cur- 
rent in each of two windings there 
will be a quantity of magnetic fiux 
which will link with the winding 
causing it, but not with the other 
winding, and due to each of these 
groups of flux there will be an E.M.F. 
induced when the current and flux 
change. The total leakage flux 
could be regarded as due to com- 
bined effect of the current in both 
windings, and the E.M.F. induced in 
each winding treated separately, or 
the flux due to the current in each 
winding could be treated separately 
and the E.M.F.’s in each winding 
derived and integrated. For the 
purpose of the calculations made 
from this data sheet, the leakage 
inductance from one winding to an- 
other can be defined as the inductive 
component of the impedance of one 
winding, the other winding being 
short-circuited. 


Derivation of Formula 


If we consider an element of one 
of the windings of a simple double 
wound transformer in cross section, 
the element being taken parallel 
to the division between the two 
windings so that the leakage flux 
throughout the length of the element 
is constant, then the leakage flux 
density, B (Fig. 1) will be propor- 
tional to the distance from the out- 
side of the winding, the maximum 
occuring in the space between the 
windings, where the leakage ampere- 
turns are maximum. The §E.M.F. 
induced in the whole winding due 
to the element of flux will be pro- 
portional to the number of turns 
which the flux couples, and the 
value of the flux. Thus, if 2 mea- 
sures the distance from the outside 
of the winding, the E.m.F. induced 
in the winding due to the flux pass- 
ing through the element will be pro- 
portional to a’dx. The total E.M.r. 
throughout the winding will be pro- 


portional to f Ne'dx, or a'/8. 
0 


E 





Ly 














SEC. 








Le a,—elc be ay —o| 





Fig. 


|. Derivation of leakage 
formula 


inductance 








ry 
B |mar 
£. 





HALF 


PRI. SEC. 














HALF 


PRI. 











Lad cL ag cla 








Fig. 2. Effect of elementary 
mixing 


Fig. 3. Components of 
leakage flux in two direc- 
tions 


Thus, the leakage inductance due to 
the winding space will be propor- 
tional to one-third of the thickness 
as compared with the leakage in- 
ductance due to the maximum flux 
in the space between the windings. 
If a: and a: are the thicknesses of the 
windings, and c is the space between 
the windings, the leakage induc- 





tance will be proportional to 
ai + a2 
a 
3 


If one of the windings is divided 
in two, each half being disposed on 
opposite sides of the other winding, 
then the maximum leakage flux 
ampere-turns at the spaces between 
the windings, responsible for pro- 
ducing Bmax, will be half that of the 
simple winding case, see Fig. 2. The 
leakage inductance due to each half 
winding will, according to the inte- 
gration above, be one-eighth of the 
previous value for that winding. 
The leakage inductance for the 
whole winding will be reduced to 
one-quarter, or by a factor of four, 
ignoring the space between the 
windings. To simplify the concep- 
tion as windings are further sub- 
divided, it will be noted that there 
are two points of maximum flux in 
this second case, so we coin the term 
‘* leakage flux area ’’ to express the 
integration for each pair of winding 
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sections. This leakage flux area is 
represented graphically by each 
rhomboid at the top of Figs. 1 and 
2. The leakage flux in each space 
between windings has half _ its 
original value, but there are now 
two such spaces, so the total com- 
ponent of leakage inductance due to 
the spaces will be the same, if each 
space is equal to the single space in 
the original case. 

Thus the leakage inductance can be 
written as proportional to a/3N* + 
c, where a is the total thickness of 
all winding sections, N represents 
the number of leakage flux areas, 
and ¢ is the thickness of each in- 
sulation section. 

Considering the leakage flux now 
on the basis of the reluctance of its 
magnetic circuit: the reluctance of 
the whole of the circuit outside of 
the windings may be ignored; the 
reluctance within the windings will 
be proportional to the length of the 
flux paths, or dimension “ b”’ of 
the winding (see Fig. 8) and in- 
versely proportional to the area of 
flux. The area of flux will be pro- 
portional to dimension ‘‘ a ”’ of the 
windings, as already considered, 
and also to the length of the mean 
turn of the windings, which we will 
denote by d. Thus, the whole ex- 
pression for leakage inductance, if T 
is the number of turns in the wind- 
ing at which it is measured, can be 
written : 

d a 


paS(tise)2 Siew sabuoees (1) 


Windings without Common Dimension 
in one direction 


In the foregoing consideration the 
assumption has been made that both 
windings are of equal dimension in 
direction ‘‘b*’. Where this is not 
true, the simplest method of pre- 
dicting leakage inductance will be 
to resolve the leakage flux into two 
components at right angles. In the 
simple case where the windings 
have equal dimensions in the one 
direction there is zero component of 
leakage flux at right angles to the 
main direction. 


As the E.M.F. produced by a rate 
of change of current in a winding is 
proportional to the square of the 
component of flux being considered 
(as shown by the term N’ in Equa- 
tion 1) the total E.M.F. due to two 
fluxes at right angles will be equal 
to the sum of the E.M.r’s due to the 
component fluxes. Therefore the 
total leakage inductance will be 
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equal to the sum of the values given 
due to each component of flux. 
Where the windings are not of equal 
length, or having non-coincident 
ends, the leakage flux in the second 
direction will be proportional to 
the unbalance of ampere turns. 
Fig. 3 illustrates this for a simple 
case The leakage inductance due to 
the flux in a vertical direction will 
be calculated directly from the 
formula given above, while the 
leakage inductance due to the flux 
in a horizontal direction can be cal- 
culated from the same formula 
using a modified value of turns, Ts, 


given by 7; = T Cee | For 


this component of flux, the posi- 
tions of b and a will be reversed and 
there will be no c (Fig. 8). 





Various degrees of mixing 


By increasing the number of 
equivalent leakage flux areas, N, 
the leakage inductance can be re- 
duced for a given number of turns 
and winding cross section, until the 
limit is reached where a/3N’ is less 
than c, when c becomes the limiting 
factor. Thus, where a high degree 
of mixing is used, the thickness of 
insulation between windings _be- 
comes important, and it may be 
necessary to use the absolute mini- 
mum permissible. The table of 
winding arrangements shows values 
cf N’ for various ways of dividing 
up primary and secondary. It will 
be noticed that the best arrange- 
ment, i.e., that giving the highest 
value of N’ for a given number of 
sections, is always that having a 
half area section at each end of the 
arrangement. This is sometimes 
two half area primary sections and 
sometimes one half area primary sec- 
tion and one half area secondary 
section. 

In the same table the winding 
sections are shown connected in 
series for convenience. .This is not 
essential, and parallel or series 
parallel connexions can equally well 
be used. Where series connexion 
is used a half area section should 
have half the number of turns in 
each unit area section, and the 
whole number of turns in the wind- 
ing will, of course, be the sum of 
the turns in the individual sections. 
Where parallel connexion is used, 
the turns in all parallel groups of 
winding must be equal, and if a half 
area section is parallel with full 
sections, then the wire gauge of the 
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half section should be such that the 
winding occupies. half the area and 
has twice the resistance. 

Use of the information given here 
will show that for a _ push-pull 
transformer design the best coup- 
ling will be obtained by increasing 
the number of layer sections in the 
winding rather than by using a 
complicated cross connected wind- 
ing using a divided bobbin. It is 
quite possible to produce an arrange- 
ment which will give identical 
resistance and leakage. inductance 
for each half of a centre tapped 
push-pull winding, for example, the 
seventh arrangement in the left- 
hand column in the table, using the 
centre primary section for one half 
and the two outside half area sec- 
tions for the other half. These will 
each have identical pD.c. resistance 


and identical leakage inductance 
to the whole of the secondary, 


whether the secondary be series or 
parallel connected. The only pos- 
sibility of lack of balance with this 
arrangement occurs in the winding 
capacity and inter-winding capacity, 
which will be considered in a later 
data sheet. 

In general, the best shaped wind- 
ing cross section from the viewpoint 
of achieving a low leakage induc- 
tance will be one having a long 
layer length corresponding — to 
dimension, b, and a small winding 
depth (dimension a). The _ stan- 
dard “‘ wastefree ’’ type laminations 
give a winding area which is prac- 
tically ideal from the viewpoint of 
combining a high primary, or shunt, 
inductance with a low leakage in- 
ductance. The thigker stacks of 
laminations give increased ratio of 
primary inductance to leakage in- 
ductance, because the primary 
inductance is proportional to the 
cross sectional area of the iron cir- 
cuit, while the leakage inductance 
is proportional to the length mean 
turn, and increasing the stack of 
laminations increases the cross sec- 
tional area by a greater ratio than 
it does the length mean turn. The 
limit in this direction will usually 
be a practical one imposed by the 
difficulty of producing a winding 
with long, flat sides. 


Putting leakage inductance to use 


The author has produced several 
is put to practical use by making it 
an inductive element in a filter. 
Use of leakage inductance for ‘this 
purpose has the great advan- 















49 


at, the 
“a and 


n here 
sh-pull 
coup- 
easing 
in the 
ing a 
wind- 

It is 
range- 
entical 
ictance 
tapped 
le, the 
e left- 
ng the 
1e half 
2a Sec- 
se will 
istance 
ictance 
ndary, 
ries or 
ly pos- 
th this 
rinding 
pacity, 
1 later 


| wind- 
wpoint 
induc- 
. long 
g to 
rinding 

stan- 
nations 
$ prac- 
oint of 
shunt, 
ge in- 
icks of 
atio of 
ge in- 
rimary 
to the 
‘on cir- 
ictance 
1 mean 
ack of 
SS Sec- 
io than 
1. The 
usually 
by the 
winding 


ise 


several 
king it 
. filter. 
for ‘this 
advan- 





April, 1949 


tage that the associated capaci- 
tive elements can be transformed 
by the turns ratio of the wind- 
ing, so that conveniently small 
values of capacitance may be used 
where the theoretical circuit values 
may be many times larger. A 
typical bobbin used to produce two 
of the inductance elements in a low 
pass m-derived filter is shown at 
Fig. 4. The winding located in the 
slot lettered a; will have a slightly 
higher leakage inductance to that 
in a: than will the one located in 
slot ai, due to the fact that b: 
is greater than b,. It should be 
realised that the leakage inductance 
can only be varied by adjusting the 
number of turns in the input wind- 
ing or by rearranging the spacing 
and dimensions, although the induc- 
tance referred to any winding can 
be adjusted by variation of the turns 
of that individual winding. The in- 
put and output of the filter may be 
designed for 600 ohms or any other 
convenient impedance and the turns 
of the various windings adjusted so 
that all the capacitors used may be 
of a standard value, say, 0.01 -F. 
Fig. 5 shows another arrangement 
used for producing two absorption 
dips in a response curve by simply 
shunting windings 8 and 4 by a stan- 
dard value capacitor. The actual 
size of a complete transformer with 
its associated condensers can be 
made very much smaller than such 
an absorption filter designed to 
operate at the line impedance of the 
network. 


Multi-Ratio Transformers 


In designing a transformer where 
parts of the winding will not always 
be used, the winding layout should 
be so arranged that portions of 
winding not in use at any time 
occupy a space where leakage flux 
is not induced by the active wind- 
ings, or is at a minimum, in order 
to obtain a minimum leakage induc- 
tance. With the simple type of 
winding having only one section 
each for the primary and secondary, 
the inactive portion of winding can 
be arranged so that it is on the side 
of its own winding remote from the 
other winding. If sectioning is 
used, more careful consideration is 
necessary, but it will always be pos- 
sible to arrange the winding so that 
the inactive portion is in a space 
between leakage flux areas. Fig. 6 
shows how this can be achieved in 
the simplest form of mixing, having 
a primary in two séctions and the 
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. 4. Bobbin for m-derived low pass filter 
using leakage inductance. 
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Fig. 5. Bobbin for microphone matching 
transformer incorporating two absorption 
circuits 
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Fig. 6. Mixing arrangements for multi-ratio 
transformers 


secondary in one section. If a portion 
of the secondary is to be inactive, it 
should be at the centre of the wind- 
ing, both electrically and physically, 
which means that tappings will 
have to be made at the ends of the 
active portions, and the inactive 
portion must be left open circuit. 
If part of the primary is inactive, 
then it should be the part remote 
from the secondary winding. In 
Fig. 6 the shaded areas of winding 
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represent active portions, while the 
unshaded areas are inactive. 


Auto Transformers 


In calculating the leakage induc- 
tance for an auto transformer, the 
series and shunt sections of the 
winding can be treated in the same 
way as separate windings. The 
leakage inductance referred to the 
input or output terminals can then 
be calculated in the same way as 
winding resistance loss is calculated 
for an auto transformer. 


Use of Chart 


An appropriate value of N’ for 
the winding arrangement being used 
can be found on the left of the Table 
overleaf. Referring to the chart 
on page 182, this value of N’ 
is intercepted with the dimension 
‘fa’? of the winding cross-section at 
A (see Fig. 7). This is then referred 
vertically to the small space in the 
chart. Here add dimension ‘‘c’’, 
the space between sections of wind- 
ing. Where multisectioning is used 
this will be the spacing between 
each primary and secondary section. 
Refer this sum value vertically to 
intercept with the length mean turn 
at B and follow the diagonal scale 
to intercept with the dimension 
““b”’ of the coil at C. From here 
refer again vertically to intercept 
with the turns scale at D. The 
value of leakage inductance is then 
read off at E. If the number of 
turns in the winding, the value of 
dimension ‘‘b’’, or length mean 
turn, is not aecommodated within 
the range shown, the appropriate 
value on the chart should be multi- 
plied by a power of ten to bring it 
to the actual value, and the value 
of leakage inductance obtained from 
the chart multiplied by the power 


of ten obtained from the table 
below. 
Example I: Winding space on 


bobbin, 3 in. long by 3/16 in. deep; 
mean turn length, 2} in. Primary 
turns, 600; secondary turns, 8,000; 
simple single-section windings in 
layer arrangement; insulation be- 
tween windings, 0.020 in. 


From this information dimension 
*fa”’ can be taken as about 0.15 in., 
allowing for insulation and clear- 
ance. The intercept of the 0.15 in. 
(interpolating between 0.14 in. and 
0.16 in.) on the ‘‘a” scale with 
N’ = 1 gives 0.05 in. on the vertical 
scale. Add to this the 0.020 in. for 
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Fig. 7. Showing use of chart 
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Fig. 8 Dimensions used in chart 


Table of Winding arrangements 











insulation, we have 0.07 in. Follow- 
ing the diagonal from the intercept 
with 2.5 in. length mean turn to 
the intercept with the 0.625 in. 
dimension ‘‘b’’, gives about 0.028 
on the vertical scale. Following 
this vertically to intercept with 600 
turns, gives leakage inductance 
referred to the primary as about 
1.75 mH. Taking the intercept with 
800 turns gives about 2.9 mH. 
Therefore leakage inductance _re- 
ferred to the secondary of 8,000 
turns will be about 290 mH., or 
0.29 H. 

Example II: Using the same 
bobbin as above, but with a parti- 
tion vertically, 0.025 in. thick, the 
primary and secondary are to be 


wound ates side of the pastition. 


Dimension ‘‘a’’ will now be 0.6 in., 
7" saumoniasately 0.17 in. (allow. 
ing 0.0175 in. clearance at the top), 
and ‘‘c”’ 0.025 in. Intercept with 
“a” = 0.6 in. and N* = 1 gives a 
vertical of 0.2 in. Adding ‘‘c’’ this 
hecomes 0.225 in. Intercept with 
length mean turn of 2.5 in. and 
‘bh’? of 0.17 in. (in opposite direc- 
tion along the diagonal line this 
time) brings us to the vertical 
reference at about 0.35. Following 
this up to intercept with 600 turns 


gives leakage inductance referred to 


the primary of about 20 mH. The 
800 intercept gives 86 mH, so the 
leakage inductance referred to the 
secondary will be about 3.6 H. 





Example II: A push pull output 
transformer is to be wound on a 
bobbin of length 1} in. and depth, 
allowing for top clearance, of 3 in. 
The length mean turn is 6 in. Pri- 
mary turns 4,000; secondary turns 
75. First consider completely layer 
mixing arrangement using the 7th 
arrangement in the left hand 
column. Insulation between  sec- 
tions can be as low as 0.015 in. 
Required leakage inductance _be- 
tween each primary and_ secon- 
dary and between whole primary 
and secondary. Each primary half- 
winding to occupy 30 per cent of the 
available space, and the secondary 
40 per cent. 
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Four thicknesses of 0.015 in. take 
0.060 in., leaving just over 0.3 in. 
actual winding depth. Each primary 
should occupy a total of 0.09 in. and 
the secondary 0.12 in. 


Leakage inductance between each 
primary and secondary: ‘a’ = 
0.21 in., N’=4. This intercept 
gives vertical of about 0.017 in. 
Adding 0.015 in. for ‘‘c’’ gives 
0.032 in., which intercepted with 
length mean turn 6 in. and “‘b’’ of 
1.5 in. brings us to about .013. 
For 2,000 turns, read off for 200 and 
multiply by 100. This gives leak- 
age inductance from each primary 
to secondary of about 8.5 mH. 

Between whole primary and secon- 
dary: ‘‘a’’ = 0.3 in., N* = 16. This 
intercept gives vertical, 0.0063 jin. 
Adding ‘‘c’’, 0.0218. (There woul: 
be cons:derable advantage here if 
winding insulation thickness could 
be reduced.) Intercepts with length 
mean turn and ‘b” of 6 in. and 
1.5 in. respectively give vertical of 
about .0085, and intercept with 400 
turns gives inductance of 0.22 mH, 
or 22 mH for 4,000 turns. 


Example IV: For the same trans- 
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former as the previous example, the 
bobbin is divided in the centre by 
a partition 0.1 in. thick, and each 
side is wound with two primary 
sections and one secondary section. 
Required, leakage inductance _be- 
tween each primary and secondary 
and between whole primary and 
secondary, when the primary sec- 
tions making up each half are (a) 
both in the same side of the bobbin, 
and (b) when they are cross- 
connected. 


Between each primary and whole 
secondary: (a) both primary sec- 
tions same side: first due to axial 
flux, ‘‘a”? = 0.3 in., N* = 4; “‘b”’ for 
primary 0.7 in., for secondary 1.4 in, 
As primary occupies 60 per cent of 
depth and secondary 40 per cent, 
mean can be taken as 1.12 in. Thus 
inductance due to axial flux is given 
at 13.5 mH. Due to radial flux, 
ampere turns are 50 per cent of 
total, thus this portion can be 
referred to 1,000 turns; ‘a’ = 
1.4 in., “‘b’” = 0.25 in. (computed 
as above for axial flux), N° = 1, 
‘‘c”? = 0.1 in. Thus inductance due 
to radial flux in given as about 
180 mH. Total leakage inductance 
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from each primary to whole secon- 
dary is thus nearly 200 mH. (Given 
above as 193.5 mH.) 


Between each primary’ and 
whole secondary (b) cross-connected 
arrangement: this can practically 
be regarded as two leakage flux 
areas only, both having only axial 
flux, each having a physical area of 
cross-section ‘‘a’’ = 0.21 in. and 
“bh”? = 0.7 in. Treating the two 
together as a composite winding 
such that ‘‘a’’ = 0.42 in., N’ = 4, 
“bh” = 0.7 in., the inductance is 
now found to be about 28 mH, about 
one-seventh of the value given hy 
the other method of connexion. 


Between whole and primary and 
secondary:—This value  is_ not 
affected by the method of connexion, 
since the whole area is used in each 
case; “a”? = 0.8 in., N* = 4, “‘b” = 
1.4 in., c = 0.015 in. (as_ before). 
Inductance thus given is 44 mH 
referred to 4,000 turns. 


In examples ITI and IV any of the 
values of leakage inductance can be 
referred to the secondary by taking 
the appropriate intercept with 750 
turns and dividing by 100 to obtain 
the inductance referred to 75 turns. 








The Use of the Decca Navigator 
Under-Water Oil Exploration 


HE world’s consumption _ of 

mineral oil has been rapidly 
rising over the past 10 years, and 
the existing land resources are in- 
adequate to meet this growing 
demand. Oil experts have, for a 
number of years, been studying the 
possibility of recovering oil from 
the ocean bed. It is known that 
the sea areas of the Caribbean Sea 
and the Persian Gulf are probably 
rich in oil resources, and where the 
water is not unduly deep, present- 
day techniaues permit drilling to be 
carried out. 

An essential feature of oil re- 
covery is the preliminary explora- 
tion and survey. When this work 
is carried out on land, normal sur- 
vey techniques can be employed, 
but when the same problem is to be 
tackled at sea, the surveyor finds 
himself faced with entirely new 
problems. The work must often be 
done out of sight of land and it is 
quite unsatisfactory to rely on astro- 


nomical observations. Fortunately, 
recent developments in radio posi- 
tion fixing provide an entirely new 
method. The Decca Navigator 
System, developed primarily as a 
radio aid to marine navigation, has 
been found by many survey authori- 
ties, including the Hydrographer 
of the Royal Navy, to possess an 
accuracy unequalled hy any other 
radio device. It can provide, over 
thousands of square miles of sea, a 
fix of position with an accuracy 
adequate for purposes of hydro- 
graphic survey and oil exploration. 

A chain of Decca navigator 
stations, consisting of a master and 
two slave stations, lays down a pat- 
tern of radio position lines which, 
interpreted by a radio receiver 
carried in the survey launch, enables 
the surveyor to plot his position with 
very great accuracy. Thus, over a 
featureless area of sea, is provided 
a grid which marks the position of 
any point as simply and _ as 


System for 


accurately as though it were on 
land. 

The Decca Navigator Company, 
appreciating the value of the 
System in this new field, have de- 
veloped a transportable Decca 
transmitting station which can be 
rapidly erected in any part of the 
world. 

The decision of the Bahrein Petro- 
leum Company to employ the Decca 
System in their oil exploration work 
was taken after a careful study of 
all existing electronic aids, includ- 
ing several American systems, and 
it may therefore be assumed that 
British progress in this field is in 
advance of American. 

The application of Decca to under- 
water oil exploration is arousing 
very considerable interest among 
oil surveyors throughout the world, 
and it may be expected that a num- 
ber of other systems will shortly be 
employed for similar work in various 
parts of the world. 
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By BERNARD DRAKE, B.Sc., A.M.1.E.E.* 


An investigation of the oscillations at sub-harmonic frequencies by semi-graphical analysis 


HILE many networks in the 
field of electronics contain non- 
linear elements that do not obey 
the strict current versus voltage 
proportionality of Ohm’s Law, those 


containing resonating, saturating 
iron-cored inductances’ have re- 
mained the most inscrutable. 


Although the development of these 
circuits has inevitably proceeded 
empirically, a rational theory that 
lifts them out of the realm of the 
mysterious should lead to wider 
applications, if not to better per- 
formance. However, the fact that 
previous attempts to explain the 
functioning of such circuits have 
presented almost insuperable diffi- 
culties suggests that it is incorrect 
to approach the problem by purely 
mathematical means, and that what 
is required is a combination of 
theory and practice—in this case 
simple mathematics wedded to an 
exact graphical representation of 
measurements. In what follows, 
two concrete examples—first the 
simplest case of ferro-resonance, 
next an actual frequency converter 
of more complex design — are 
attacked, and in both of them the 
semi-graphical analysis leads to a 
logical, satisfying explanation. 


Ferro-resonance 


Ferro-resonance, which occurs 
under certain conditions in a 
resonant circuit containing one or 
more saturating iron-cored induc- 
tors, can be defined as a. state of 
heavy, non-sinusoidal oscillation 
that may even have a repetition 
frequency below that of its sinu- 
soidal exciting source. Now, while 
an iron core has a permeable state, 
which is used in normal trans- 
formers and chokes, where some 
only of the magnetic ‘“ domains ”’ 
have turned round into the direc- 
tion of the field, in the current 


waveform during  ferro-resonance 
there are always’ characteristic 
heavy pulses’ that alternately 


drive the core beyond the normal 
state into the abnormal saturated 
states where the domains are all 
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Fig. 1. Ferro-resonance at fundamental 
frequency (self-starting Fe genet Aare Cir- 
cuit diagram; (b) R.M.S. current/voltage 
characteristics showing transitions to linear 
state at low voitages; (c) Waveforms of input 
voltage E, output voltage V and current |; 
(d) Forced component of current 1; (e) Semi- 
free component of current I. 


aligned either in one direction or 
the other. Between these various 
states are non-linear transitions 
which are represented by _ the 
““knees’’ of the magnetisation 


curves (MM in Fig. 2(a)), and are 
the cause of the peculiarities of 
ferro-resonance. 

The necessity for maintenance of 
the heavy current pulses makes 
ferro-resonance differ markedly from 
ordinary resonance. For instance, 
while the input voltage of a given 
circuit must exceed a certain mini- 
mum, ferro-resonance can, as there 
is no definite inductance value, sub- 
sist over a range of driving fre- 
quencies. There is thus for each 
case a voltage/frequency zone— 
graphically an area—in which ferro- 
resonance can occur.” 
Ferro-resonance at Fundamental 
Frequency 


Ferro-resonance is most simply 
illustrated, as shown at (a) in 
Fig. 1, by a series circuit which, 
while driven from a supply E of 
low impedance such as the 50 c/s. 
mains, has merely a capacitor C:, in 
addition to the inductor li, the core 
symbol of which has a long S drawn 
across it to indicate that it is being 
driven into saturation. The curves 
at (b) in Fig. 1 of the R.M.S. value 
of the current I plotted against the 
input voltage E demonstrate how 
the ferro-resonant state of oscilla- 
tion exists only with higher volt- 
ages. As the input is reduced (see 
arrows on curves) a critical value, 
depending on the intensity of the 
load connected across the condenser, 
is finally reached when  ferro- 
resonance can no longer be main- 
tained, and oscillation then con- 
tinues at a very low level in a linear 
mode. The critical voltages corre- 
sponding to no-load and rated full- 
load are illustrated by the vertical, 
dashed portions of the curves. The 
working voltage, however (chain 
dotted line), has been chosen at a 
higher value in order to prevent the 
stopping of ferro-resonance except on 
excessive overload. The waveforms 
at (c) in Fig. 1 show, besides the 
input voltage E with its sinusoidal 
form, also the output voltage V 
with a squarish shape and _ the 
current IT with alternate pulses, the 
peak values of which drop on 
reduction of input or on application 
of load. Although the heavy pulses 
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of the saturating inductor occur 
also in a parallel-circuit driven from 
a constant current supply such as 
a pentode valve, the input current, 
which in this case is sinusoidal, is 
very much lower in amplitude. 
Apart from this difference, however, 
the functioning and analysis of a 
parallel circuit is very similar to the 
series circuit described here. 


Our new approach to the explana- 
tion of the series circuit begins with 
the reduction of the results of 
measurement to graphical form. 
The first step is to prepare on graph 
paper a B/H loop ((a) in Fig. 2) 
exactly tracing under working con- 
ditions the magnetisation of the 
inductor Li. For this purpose a 
cathode-ray oscillograph of the loop 
may readily be obtained by feeding 
the horizontal plates from a small 
series resistor and the _ vertical 
plates from an integrating capacitor 
of about 2 #F paralleled to the 
inductor through a 1 megohm 
resistor. Although the _ general 
shape of the loop is then given by 
the oscillograph, the scale to which 
it must be drawn is obtained from 
a normal D.c. magnetisation curve 
which wiil also give a more accurate 
rendering of the slopes, particularly 
in the region of saturation where 
the loop is least affected by speed 
of cyclic magnetisation. 


The loop as drawn will be a 
curve, but it is then necessary to 
approximate it by a series of 
straight lines so that the equations 
of linear network theory may be 
applied to it. Although a large 
number of lines would give most 
accurate results, saving of labour 
calls for the minimum number that 
will represent the main features of 
the loop. All that is necessary to 
approximate the loop at (a) of 
Fig. 2, and incidentally to account 
for the hysteresis as well, are two 
pairs* as at (b)—one pair almost 
horizontal for the positive and 
negative saturated states, the other 
pair almost vertical for the per- 
meable states. The approximation 
is reasonably close except in the 
neighbourhood of the ‘‘ knees ”’ 
where judicious interpolation at a 
later stage will suffice to bridge 
these transition sections. 





* The semi-graphical work described here was 
inspired by the purely mathematical analysis 
(limited to 2-element networks) of Boyajian (see 
reference 3). For the saturating inductance he 
substituted two hypothetical linear ones of high 
and low values imaginarily switched alternately into 
circuit in such a way that the D.C. magnetization 
curve of the actual component was replaced by two 
straight lines. 
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Fig. 2. Actual B/H loop (a) is, for mathe- 
matical analysis, approximated at (b) by 
straight lines representing main features 


The instants corresponding to 
transitions 1,2,3,4 between the 
straight lines of the approximate 
B/H loop must now be determined. 
Since the magnetising force H is 
proportional to the current, a cali- 
brated oscillograph of the latter is 
used to draw an accurate waveform 
I Fig. 1(c)) on graph paper on 
which the transition instants are 
then marked as indicated by the 
vertical chain-dotted lines 1,2,3,4 of 
Fig. 1. Observe that it is only in 
the comparatively short intervals 
1-2 and 3-4 that the inductor is in 
the abnormal saturated state. 

Leaving now the practical for the 
analytical stage of our investigation 
we find that before we can proceed 
we must split the actual currents 
and voltages into two sets of com- 
ponents which may be termed 
** forced ’’ and ‘‘ semi-free.”” The 
term ‘‘ forced component ”’ signifies 
that at any instant it is the value 
that the electromotive force would 
produce in a circuit having a fixed 
inductance equal to the instan- 
taneous value of the incremental 
inductance. The ‘ forced” com- 


ponents, which correspond to the 
familiar steady-state values __ of 
linear networks, are by definition 


of supply frequency. The term 
‘‘semi-free component,” on the 
other hand, signifies that it is an 
additional component which, during 
the time the iron core is passing 
through a substantially linear part 
of its B/H loop, is force-free, and 
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oscillates with decaying amplitude 
at its natural frequency. But it is 
only semi-free because it receives 
impulses at the non-linear transi 
tions or *‘ knees ”’ in the B/H loop 
between permeable and saturated 
states that, provided input condi- 
tions are suitable, continuously 
maintain it in a repeating cyclic 
manner. The ‘‘ semi-free’’ com- 
ponents, which correspond to those 
‘free’? components occurring in 
linear networks as decaying oscilla- 
tions superimposed during the tran- 
sient period following switching or 
impulsing, are always different in 
frequency from the supply. 


The forced component of current 
I is readily obtained once the 
slopes of the approximate B/H loop 
are measured, for these measured 
incremental permeabilities give cor- 
responding inductance values from 
which any forced component can be 
computed for various phase angles 
by means of the ordinary equations 
of linear theory.‘ When plotted, as 
shown by the full-line curves at (d) 
in Fig. 1, the component will be 
seen to consist of sections of sine- 
waves of supply frequency excent at 
the transitien points where there 
are abrupt changes. These jerks, 
although partly a result of a change 
of amplitude, are mainly the re- 
flexion of change of phase which is 
lagging in the permeable section 
and leading in the saturated. 


Having obtained a graph of the 
forced component as at (d) in Fig. 1, 
we can, by subtracting it from the 
actual current I as at (c), imme- 
diately plot the semi-free com- 
ponent as at (e). The abrupt 
breaks which result from the 
approximation of the B/H loon by 
straight lines can be modified, as 
indicated by the smooth dotted 
transition sections in (d) and (e), 
to correspond with the curved 
nature of the actual ‘‘ knees.” 
These jerks in the semi-free com- 
ponent are the features that, as 
previously explained, cyclically 
maintain it in existence against the 
decay that occurs during the 
remainder of the cycle when it is 
force-free and consequently subject 
to linear theory equations for free 
components or, as they are more 
familiarly called, transients. For 
the permeable sections 2-3 and 4-1 
of the B/H loop, calculations made 
with these equations on a typical 
ferro-resonant  series-circuit show 
that the semi-free oscillation is 
lightly damped with a period 
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slightly exceeding that of the 


supply; and, as the current as shown 
at (e) in Fig. 1 is in amplitude 
roughly equal and opposite to the 
forced component at (d), the com- 
bination results in the almost 
horizontal parts of the actual wave 
of I at (c). For the saturated 
sections 1-2 and 8-4, similar calcu- 
lations show that the semi-free 
oscillation is so near to critical 
damping and of such short period 
that, when the curvature of the 
“knee ’’ is taken into account, it 
dies out after a short unidirectional 
pulse; and, as the current as shown 
at (e) in Fig. 1 preponderates in 
amplitude over the forced com- 
ponent at (d), the combination of 
both components also comprises a 
short unidirectional pulse. 


The foregoing analysis leads us 
to the explanation of the function- 
ing of ferro-resonance at funda- 
mental frequency as follows. The 
inductor current, which controls 
the magnetisation, passes alter- 
nately through a long phase of a 
small magnitude oscillation having 
a natural period slightly longer 
than that of the supply, and then 
through a short phase of a heavy 
oscillation of single pulse type, 
shorter natural 


period. With increase of input 
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Fig. 3 (Left). Ferro- 
resonance at sub- 
harmonic frequency 
pide atte started 
oscillations): (a) Cir- 
cuit diagram; (b) 
R.M.S. current/volt- 
age characteristics, 
showing transitions 
to linear state at both 
low and high voltages 
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Fig. 3 (Right). (c) 
Waveforms of input 
voltage E, output + 
voltage V and current 
1; (d) Forced com- 
ponent of current 1; 
(e) Semi-free com- 
ponent of current I. 
(Note that in (c) and 
(d) of both Figs. | and 
3 the dotted portions 
raphically correct ° 
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voltage, while the long phase will 
remain little altered, the short 
phase will become heavier in mag- 
nitude and shorter in period on 
account of the decreased incre- 
mental inductance, and the corres- 
ponding output voltage waveform 
V (at (c) in Fig. 1), although little 
larger, will approach nearer to a 
square shape. To prevent oscilla- 
tions, once excited, from dying out, 
the jerks of the semi-free com- 
ponent must be not only correctly 
timed, but also suffitiently great: 
the input must consequently be of 
appropriate frequency and of cor- 
respondingly sufficient _-voltage. 
But, as correct timing depends on 
the natural period in the normal 
permeable state of the iron-core 
being but slightly longer than that 
of the supply, conditions are 
normally so near to resonance that 
ferro-resonance will be self-starting 


for input voltages exceeding the 


critical minimum by a_— small 
amount. 
Ferro-resonance at  Sub-harmonic 


Frequency 


If, on the other hand, a resonant 
network containing a_ saturable 
iron-cored inductor has a natural 
period in the normal state so much 
longer than the supply period that 
ferro-resonance will not build up on 
application of even a very high 
voltage, similar heavy pulses of 
inductor current I initiated from an 
outside source, while no longer able 
to keep pace with successive alter- 
nations of the input E as at (c) in 
Fig. 1, may nevertheless be able to 
synchronise as at (c) in Fig. 8 with 
one in every three, or higher odd 
number, of alternations. Whether 
such ferro-resonance ¢an be main- 
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tained or not will depend on whether 
the induced long-period oscillation 
can so adjust itself as to repeat 
cyclically. Should it do so, the 
repetition frequency, which is the 
reciprocal of the period, will be an 
odd-numbered sub-harmonic of the 
input frequency. If now the volt- 
age and frequency applied to such 
an impulse-started circuit are 
varied, zones—graphically areas— 
in which ferro-resonance is main- 
tained will be found to exist for 
each order of sub-harmonic in 
addition to the zone previously des- 
cribed for the fundamental mode. 
While the generation of even- 
numbered sub-harmonics without 
the aid of polarising current is 
somewhat fortuitous, and while their 
corresponding zones are very 
narrow, the zones of odd-numbered 
sub-harmonics, especially those of 
low order, are broad.’ Therefore, 
in utilising a non-polarised ferro- 
resonant circuit as a _ frequency 
dividing power converter, the third, 
out of all possible sub-harmonics, 
will give not only the highest 
stability but also the greatest out- 
put efficiency. 

The second example taken for 
analysis is the converter circuit of 
Fig. 3, which is ferro-resonant at the 
third sub-harmonic of the 50 c/s. 
input frequency. The complete unit, 
shown in the accompanying photo- 
graph, delivers power at 16% c/s. 
from the mains for ringing tele- 
phone bells from private or branch 
exchanges in offices, factories, 
hotels, hospitals and similar situa- 
tions where upkeep is restricted to 
the occasional visits of a main- 
tenance engineer.”’ The network, 
besides the main inductance I: and 
capacitor C:, has an output trans- 
former L: which has, on account of 
its air gap, been considered linear 
enough for its inductance, at work- 
ing flux density, to be used in the 
calculations. The additional capaci- 
tor C:, although of sufficient capaci- 
tance to transmit the rated power 
of 5 watts at 75 volts to load resis- 
tance R, is incorporated to prevent 
ferro-resonance being stopped by 
the heaviest of resistance loads. 


As in the previous example, the 
first step preparatory to analysis is 
to trace out the B/H loop of L: 
from an oscillogram. But careful 
examination under various condi- 
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The photograph 
shows 5 watt ferro- 
resonant converter 
(hermetically sealed 
version), which re- 
duces the 50 c/s mains 
frequency to 16*/; c/s. 


(Photo by courtesy ~ of 
the Telephone Manu- 
facturing Co. Ltd.) 


tions of ferro-resonance shows that 
accompanying the main loop there 
are, corresponding to the minor 
peaks in the current waveform I 
(Fig. 3c), always a pair of minor re- 
entrant loops M-M’ (Fig. 2a) located 
just above the ‘‘ knees,’’ although 
for clarity in reproduction they are 
shown below them as dotted lines. 
These minor loops, which only die 
out at the critical minimum input 
voltages represented for different 
load conditions by the left-hand 
dotted lines at (b) in Fig. 8, 
apparently correspond to an inter- 
mediate semi-saturated state of the 
inductor core. They behave per- 
fectly regularly except when the 
input is raised somewhat above the 
working voltage, which is indicated 
by the chain-dotted line, when their 
increased irregularity eventually 
sets an upper voltage limit repre- 
sented by the right-hand dotted 
lines. Growing in size with in- 
crease of input voltage, the minor 
loops appear to struggle for supre- 
macy of peak current with the 
saturated parts of the main loop, 
and at voltages exceeding the limit 
the strife leads to such violent 
fluctuations that oscillation soon 
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dies down to the low level linear 
mode. 


Leaving aside the instabilities for 
the moment, and concentrating on 
the regular mode of oscillation at 
the working voltage, we draw a 
graph of the B/H loop, and 
approximate it as in Fig. 2 but with 
the addition of a pair of straight 
lines (not shown) to represent the 
minor loops. Then on the current 
waveform of Fig. 3c, we mark, cor- 
responding to those instants when 
the magnetising force H reaches the 
corners of this approximate loop, 
vertical broken lines _1,2,3,4,5,6, 
from which it will be observed that 
the semi-saturated sections (3-4, 6-1) 
usurp the predominant role pre- 
viously played by the permeable 
sections which here (2-3, 5-6) act for 
less than 10 per cent of the time. 


Continuing as in the _ previous 
example we calculate and plot for 
each section the forced component 
of current as shown at (d) in Fig. 3. 
The curves are again portions of 
sine-waves of supply frequency with 
discontinuous jumps which are also 
reflected in the semi-free component 
(Fig. 8e) obtained by subtraction. 
As before, the jumps are rounded 
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by the dotted transition sections to 
take into account the curved nature 
of the actual B/H loop. The calcu- 
lations that were made brought to 
light the important fact that the 
oscillations pass through resonance 
at the beginnings and ends of the 
saturated sections, and, whereas the 
jumps at transitions 3 ‘and 6 to the 
semi-saturated sections are due 
mainly to an increase in amplitude, 
those at 4 and 1 to the saturated 
sections are due primarily to the 
consequent change of phase from 
lagging to leading. The jumps at 
5 and 2 at the ends of the saturated 
sections finally restore both ampli- 
tude and phase so that the cycle is 
repeated. 

On commencing analysis by net- 
work theory’ the semi-free com- 
ponent was shown to consist of 
three sub-components, first an oscil- 
latory one and. then two non- 
oscillatory ones corresponding to 
the additions of transformer L: and 
output capacitor C:. Unlike the 
high decrement existing during the 
saturated section in ferro-resonance 
at fundamental frequency when the 
semi-free component becomes 
damped out, the calculated decre- 
ment for all sub-components in each 
section is here so low that the semi- 
free oscillation is fully maintained 
throughout the cycle. The natural 
frequency of the oscillatory sub- 
component, which, it will be remem- 
bered, is excited by a 50 c/s. supply, 
was computed for the permeable, 
semi-saturated and saturated sec- 
tions respectively, as 9, 40 and 
58 c/s. Before the sub-components 
may be plotted, however, it is neces- 
sary to know the amplitudes of each, 
as well as the phase of the oscilla- 
tory one. These values depend on 
the initial conditions for which in 
this case four parameters measured 
from graphs like Fig. 8e are 
required. From curves of the sub- 
components, which were in this way 
calculated and plotted for the semi- 
saturated section, it was found that 
the non-oscillatory sub-components, 
which are opposite in sign to one 
another, were roughly equal 
although abvut one-third of the 
amplitude of the oscillatory sub- 
component which in its turn was 
roughly equal and opposite to the 
forced component. 


This balancing, which the analysis 
brought to light, of the various 
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components during the  semi- 
saturated section, not only accounts 
for the actual current in this sec- 
tion remaining for such a com- 
paratively long time with little 
variation, but is the key to the 
explanation we are seeking. Ferro- 
resonance at  sub-harmonic fre- 
quency, it appears, is an alternation 
between a long oscillation of slightly 
lower natural frequency than the 
supply during a semi-saturated con- 
dition, and a shorter oscillation of 
slightly higher natural frequency 
during a saturated condition, while, 
as the current changes direction 
after the latter, there intervenes 
a very short commutating period 
corresponding to the normal per- 
meable condition. 

It will now be seen that terrv- 
resonance at either fundamental or 
sub-harmonic frequency demands, 
for regular timing of the saturating 


current pulses, an_ intervening 
oscillation, not just of a com- 
paratively low current value, but 


having a period slightly longer than 
that of the supply. Any _in- 
ability of the oscillations, there- 
fore, after leaving a saturated state, 
to tide over the necessary time— 
about one complete period of the 
supply in the case of the third sub- 
harmonic—hefore entering the oppo- 
site saturated state, will upset the 
orderly type of oscillations which 
have just been analysed. It is this 
disability, when over-driving the 
sub-harmonic circuit by excessive 
input voltages, that explains the 
disorderly oscillations described pre- 
viously, as well as their tendency to 
die out. If, on the other hand, the 
voltage is so low that not enough 
energy is absorbed from the supply 
to maintain oscillations in a semi- 
saturated condition, it will again be 


seen that  ferro-resonance must 
cease. 
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Television For All 


66 IS Master’s Voice’’ announce 

that they have gone into 
quantity production with a first- 
class ‘‘ Popular ’’ television receiver 
at only 36 guineas (excluding pur- 
chase tax £8 12s.). 

The new H.M.V. receiver model 
1807 is a 14-valve television table 
model for b.c./4.c. mains and has 
a 10-in, Emiscope tube of the latest 
aluminised type giving a picture size 
of 9 in. by 7 in. approximately, with 
a brilliancy of twice that of the 
normal tube. A brief circuit des- 
cription of the new receiver is as 
follows :— 

T.R.F. circuits of high efficiency 
are employed for both sound and 
vision channels. Provision is made 
for the connexion of a suitable pre- 
amplifier in order to increase the 
range of the receiver if necessary. 
Focusing is achieved by means of a 
special permanent magnet assembly. 
The £.H.T. is obtained by utilisation 
of the line generator fly-back 
voltage and u.7, rectification is pro- 
vided by a metal rectifier. 





A Modern Home-Built 
TELEVISOR 


ANNOUNCEMENT 





Components 


Components additional to those given in 
the December, 1948, issue as having been 
approved for use in the Electronic Engineering 
Televisor have now been tested. The full list 
of such components approved, to date, now 
reads:— 

Scanning Coils 
i) Haynes Radio Ltd. 

(ii) Scanco Ltd. 

Focus Coil 
(i) Albert Mnfg. Co. 

(ii) Haynes Radio, Ltd. 

(iii) Porthminster Engineering, Ltd. 

(iv) Scanco, Ltd. 

(v) Walpole Norman Engg. Co., Ltd. 
Line Output Transformer 

(i) Haynes Radio, Ltd. 

(ii) Scanco, Ltd. 

(iii) Walpole Norman Engg. Co., Ltd. 
E.H.T. Transformers 

(i) Haynes Radio, Ltd. 

(ii) Partridge Transformers, Ltd. 

(iii) Varley (Oliver Pell Control), Ltd. 

(iv) Vortexion, Ltd. 

(v) Woden Transformer Co., Ltd. 
H.T. Transformer 

(1) Gardners’ Radio, Ltd. 

(ii) Partridge Transformers, Ltd. 

(iii) Varley (Oliver Pell Control, Ltd.). 

(iv) Vortexion, Led. 

(v) Woden Transformer Co., Ltd. 
250mA and 80mA Chokes 
(i) Gardners’ Radio, Ltd. 
(ii) Partridge Transformers, Ltd. 
(iii) Varley (Oliver Pell Control, Ltd.). 
(iv) Vortexion, Ltd. 
(v) Woden Transformer Co., Ltd. 


Albert Manufacturing Co. have also submitted 
a satisfactory chassis complete with valve 
holders and coil formers. 
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Variable Frequency R-C Oscillators 


IDE audio-frequency 


range 


generators are commonly of 


the heterodyne type. To avoid wave- 
form distortion at low audio frequen- 
cies the beating oscillators must be 
entirely free from mutual coupling, 
and careful control of the two input 
levels to the detector is normally 
required. Frequency stability is 
poor, especially at low output fre- 
quencies, unless particular care is 
taken to ensure that the beating 
oscillators are physically and elec- 
trically similar. To offset these dis- 
advantages, the beat frequency 
oscillator has two features of great 
practical convenience. A wide range 
of frequency can be covered in a 
single range, and the frequency 
scale can be made. to conform with 
any desired law of variation. 


In recent years, various forms of 
phase-shift oscillator have been 
developed and models have been 
designed to cover the full range of 
audio and video frequencies. The 
basis of all these is a frequency- 
selective network associated with a 
suitable amplifier. The conditions 
necessary for the production of 
sustained oscillations in a system of 
this kind are that the attenuation 
in the network must be balanced by 
« corresponding amplifier gain, and 
that the phase-shift round the loop, 
including the amplifier and the net- 
work, should be zero or a multiple 
of 360 degrees. 

The electrical networks applicable 
to oscillators of this kind are of 
three general types: 


(a) Lattice or bridge circuits in 


which certain elements are re- 
active. 
(b) Bridged-T or — twin-T 


arrangements, electrically equiva- 
lent to their corresponding lattice 
structures. 

These circuits have the advantage 
that one terminal is common to 
both input and output. 

(c) Reeurrent ladder networks 
in which the series and shunt 
elements are, respectively, resist- 
ances or reactances. 

Networks of types (a) and (b) are 
employed in most wide-range oscil- 
lators at present on the market. 


By F. BUTLER, B.Sc., M.I.E.E. 
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R-C ladder network 


Recurrent networks of type (c) are 
more usually applied to oscillators 
built in as an integral part of more 
complex equipment. 

At a given frequency the output 
of any of the above networks is 
strictly proportional to the ampli- 
tude of the input voltage, on the 


assumption that linear — circuit 
elements are employed. Minor 
departures from linearity, negli- 
gible in this connexion, are 
exhibited by certain’ types of 
resistances and capacitors. The 


response of the network is in 
marked contrast with the non-linear 
characteristics of the associated 
amplifier. ‘To secure an output with 
a good waveform, it is essential to 
include some form of limiter which 
will restrict the amplitude of the 


amplifier output voltage. When 
such a limiter is jineluded, it is 
possible to devise an extremely 


simple oscillator giving a satisfae 
tory performance in respect of wave- 
form. 


Choice of Phase-Shift Network 
Referring to Fig. 1, there is a 


wide choice of suitable phase-shift 
circuits. The preferred choice is 


settled by considerations of attenua- 
tion, harmonic rejection, ease of 
adjustment of operating frequency 
and circuit simplicity. On_ these 
grounds the ladder network shown 
in Fig. 2 has been selected. 

For convenience, four R-C sections 
are shown, but an oscillator can be 
made to work satisfactorily with 
three or more. The network is 
associated with a single resistance- 
coupled amplifier valve. At one 
particular frequency the phase 
change in the network is 180 
degrees so that when the _ out- 
put is back-coupled to the amplifier 
input, conditions are favourable for 
the production of sustained oscilla- 
tions, provided only that the ampli- 
fier gain exceeds the network 
attenuation. 

The frequency at which a given 
R-C network produces a phase shift 
of 180 degrees, i.e., the operating fre- 
quency, is tabulated below for three-, 
four-, five- and six‘stage circuits, 
together with the corresponding 
voltage attenuation. The attenua- 
tion decreases with an increase in 
the total number of stages, and 
there is a much greater attenuation 
of the higher harmonics in the more 
complex networks. 

It will be seen that any increase, 
above four, in the number of stages 
results only in a small decrease in 
attenuation, and it is not economi- 
cally justifiable to provide for a 
much greater number, though there 
are advantages from the point of 
view of harmonic filtering. 











Number Attenuation Operating 
of Stages Ratio Frequency 
es ee 
3 | 29 f = - 
CR 
0.38 
4 | 18.4 ae 
| CR 
| 0.23 
5 ' 16.15 ne 
CR 
| 0.16 
6 | 13.72 | —— 
CR 








The frequency will be given in cycles 
per second with C in microfarads and 
R in megohms. In the particular 
case of a 4-gang variable capacitor 
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(0.0005 #F per section) associated 
with 1 M® resistances, the lowest 
attainable frequency is 760 c/s. 
The use of 5 M® resistors brings this 
down to 152 c/s. 


In R-C oscillators of this type, 
variable capacitors are employed as 
the frequency-controlling elements, 
in preference to ganged _ potentio- 
meters, because of their higher 
stability and greater re-set accuracy. 
It is then necessary to accept the 
use of extremely high resistances in 
order to generate very low audiv- 
frequencies, and this limitation 1s 
often responsible for poor perfor- 
mance at this end of the range, 
although, by good design, the worst 
effects may be avoided. 


With a given selection of resistors, 
the maximum frequency of opera- 
tion is settled by the minimum 
capacitance of the sections. When 
care is taken in the circuit wiring 
to keep this figure low, and to 
equalise the minimum capacitances 
of all the sections, it is possible to 
make the maximum frequency at 
least 20 times the minimum, though, 
under these conditions, frequency 
stability will not be high. At the 
expense of reduced range, the 
stability may be raised by using pad- 
ding capacitors in parallel with the 
gang sections. 


Practical Oscillator Circuit 


Fig. 3 gives the circuit diagram 
of an oscillator which in one range 
will cover frequencies between 250 
and 5,000 ¢/s., using the component 
values shown. 


The output from the network is 
taken to a cathode follower V: which 
provides the desired output and 
which also supplies the driving volt- 
age to Vi. The main object in using 
a cathode follower is to ensure that 
the output from the phase shift net- 
work is applied to a stage with an 
exceedingly high input impedance. 
A valve with a top-cap control grid 
connexion is desirable. The Mazda 
SP 41, or its 6-volt equivalent, is 
suitable for use in both positions. 


A few additional circuit details 
call for comment. A species of 
limiting is provided by the 15 W 
metal filament lamp used as the bias 
resistance of V:. Table 1 shows the 
measured resistance of such a lamp 
with different applied voltages. 


Any increase in the r.m.s. value of 
the anode current of V: is accom- 
panied by an increase in the lamp 
resistance, and hence in the effec- 
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Fig. 3. 


tive cathode bias. The amplifier 
gain is reduced, and its output par- 
tially stabilised. 


The 100 k® resistance in series 
with the grid of V: limits the 
amount of possible grid current and 
thus restricts the drive to Vi. A 
network consisting of two high resis- 
tances and a shunt capacitor links 
the output side of the amplifier 
coupling capacitor to the junction of 
the cathode follower bias and load 
resistors. The purpose of this net- 
work is to minimise the effect of 
p.c. leakage through the coupling 
capacitor, which, if allowed to flow 
through the 5 M® grid leak of the 
cathode follower, would set up a 
positive bias voltage across it. The 
2HF capacitor, connected between 
earth and the junction of the two 
2M resistors serves to filter out 
all audio signals. With this net- 


TABLE | 
CHARACTERISTICS OF I5SW VACUUM 
LAMP 


























Applied | Current | Resist- Power 
Voltage (mA.) ance Consump- 
| i tion 
Strata ace Leese 
I 240 | 396 2.4 mW 

2 3.8 525 Tae és 

3 48 | 630 14.4 ,, 
4 Wey 700 22.8 
5 6.6 760 33.0 
10 10.0 1,600 100 
15 12.9 1,160 194 
20 15.1 1,320 302 
25 17.8 1,400 445 
30 20.0 1,500 600 
40 22.9 1,740 916 

50 27.0 1,850 1.35 W 
75 34.7 2,160 2.16 
100 41,7 2,390 4.17 
150 52.5 2,860 7.9 
200 63.1 3,170 12.62 
230 69.2 3,280 15.9 
250 72,4 3,460 18.1 





Simple phase shift oscillator with fixed range of 250-5,000 c/s 


work connected there would seem 
to be no purpose in providing an 
additional grid leak for the cathode 
follower. The reason for including 
the 5M2 resistor is to reduce the grid- 
cathode resistance to a moderate 
value. Omitting the 5 M2 leak, the 
grid-cathode ‘ resistance would be 
16 M2, When it is included, the 
figure falls below 4 M2. Neglect of 
this precaution requires the special 
selection of gas-free valves, and is 
the cause of potential trouble when 
very low output frequencies are 
required, Ceramic insulation is 
desirable in the gang capacitor, and 
all wiring associated with the phase- 
shift network should Be highly 
insulated. 

The circuit shown in Fig. 3 is ex- 
tremely simple and reliable. The 
frequency coverage is adequate for 
many purposes, and though the out- 
put is a few volts only, the level can 
be raised by the use of one addi- 
tional output stage. If a wider 
range is required, then switching of 
the phase-shift components will be 
necessary. This operation calls for 
considerable care in design, because 
of the very large values of resis- 
tance and reactance in the phase- 
shift network. To preserve the 
simplicity of Fig. 3 and still give a 
wide frequency coverage in a num- 
ber of separate ranges,. it is possible 
to mount the four-phase shift resis- 
tances on an insulating strip fitted 
with plug contacts engaging cor- 
responding sockets on the gang 
capacitor stators. Range-changing 
is achieved by plugging in different 
resistance groups. Once the resis- 
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Fig. 4. Complete circuit diagram of switched phase shift oscillator and amplifier covering range 25-17,000 c's in six steps 


tance values are settled to cover a 
particular range, other ranges can 
be caleulated, bearing in mind that 
in circuits of this kind, the operat- 
ing frequency is inversely propor- 
tional to the resistance. Thus, to 
halve the frequency corresponding 
to a particular setting of the gang 
capacitor, the associated resistance 
is doubled. 

If the range-switching facility is 
essential, then two requirements 
must be met. First, the switch 
wafer insulation must be extremely 
good, and ceramic construction is 
desirable. In the second place, the 
switch banks must be screened elec- 
trostatically from each other, and 
the resistors connecting adjacent 
banks must be mounted in such a 
way that they have their ends in 
separate compartments, the body of 
ach resistor being passed through 
a bushed hole in the inter-switch 


screen. If these precautions are 
observed, a satisfactory _ perfor- 
mance can be attained, but the 


mechanical construction of the oscil- 
lator becomes far more complex. 
Fig. 4 gives the circuit diagram of 
a switched oscillator, covering 25 
c/s. to 17,000 c/s. in six ranges. It 
is basically similar to that of Fig. 3, 
but includes an_ audio-frequency 
amplifier covering the above range. 
The optimum anode-to-anode load 


of the output stage is 10,000 ohms, 
and an output of 1 watt is avail- 
able with low distortion. Precise 
measurements of harmonic content 
have not been made, but a simple 
check at 1,000 c/s., using a twin-T 
null network to suppress the funda 
mental frequency, shows that the 
r.m.s. value of the residual har- 
monics is not greater than 5 per 
cent of the fundamental amplitude. 
In common with other apparatus of 
this class, the performance deterio- 
rates at frequencies below 100 c/s., 
although, even at 25 c/s. there is 
no visible distortion on the oscillo- 
graph trace of the output waveform. 
The effect of power supply hum is 
just perceptible at near multiples of 
50 c/s., and shows up as a very 
shallow beating or modulation on 
the output. The visual indication of 
this naturally disappears when the 
oscillator frequency is an_ exact 
multiple or sub-multiple of the 
power supply frequency. 


The amplifier employs a cathode-. 


coupled phase inverter and negative 
feedback is applied to the penulti- 
mate stage from the 6V6 anodes. 
_ With the component values shown 
in Fig. 4, the frequency coverage is 
as shown in the Table: 

The layout of the oscillator and 
amplifier components should con- 


form to normal  audio-frequency 
practice, and ihe only difficulty 
likely to be experienced is in the 
effective shielding of the high imped- 














ance phase shift network from 

Range | 25 _ 24 c's 

2 es 60s 

3 50 — 250 c/s. 

4 200 —_ 1,100 c/s. 

5 1,000 —_ 5,000 c's 

6 3,500 —  17,000c)s 
extraneous electrostatic fields. Pro- 
vided that care is taken over this 


single point, there is no difficulty in 
constructing the entire equipment to 
give a very. satisfactory — perfor- 
mance. 

The simplest method of calibrat- 
ing the various range scales is by 
the use of an auxiliary oscillator in 
conjunction with a cathode-ray tube, 
using the Lissajous’ figure method 
of frequency comparison. 
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NOTES FROM THE INDUSTRY 


R.G.D. and Mersey Harbour Control 


The Port of Liverpool is to be 
equipped with radio-telecommunication 
equipment. This is to enable the 
fullest use to be made of the port’s 
radar installations and to save valuable 
time in the turnround of shipping. 

Portable radio-telephone transmitter 
receivers and shore station equipment 
are being specially designed and made 
for this work by R.G.D. of Bridgnorth. 

The installation, it is claimed, will 
be the first of its kind in the world 
and has already attracted considerable 
attention among American shipping 
authorities. 


Royal Netherlands Fair 


The Royal Netherlands Industries 
Fair held twice a year at Utrecht, 
Holland, is one of the most important 
business. events on the Continent. 

The first Fair in 1949 will be from 
March 29 until April 7 

ELECTRONIC ENGINEERING together 
with the other publications of Morgan 
Bros., Ltd., will be shown on Stand 
No. 5201, General Section, Main Build- 
ing. Vreeburg. 

The Stand will be under the 
management of Mr. S. H. Hartog, our 
Subscription Representative for the 
Netherlands, who will be pleased to 
assist and advise all visitors, 

Those unable to visit the Fair can 
communicate with Mr. Hartog c/o 
Hotel Kasteelvan, Antwerpen, Utrecht. 


Plessey Engineering Apprenticeship 


Scheme 
The Plessey Company, Ltd., Ilford, 
Essex, have revised their apprentice- 


ship scheme which is open to juveniles 
between the ages of 16 and 17 years 
without payment of a premium. 

Although intended primarily as a 
trade training course apprentices who, 
by their progress, demonstrate their 
aptitude for technical occupations, will 
when their indentures are endorsed at 
the age of 18, have courses of training 
laid out to qualify them as draughtsmen 
or technical assistants. 

Since only a_ limited rumber of 
apprentices can be absorbed each vear, 
selection will be made purely on merit 
and applicants will be required to pass 
an entrance examination as determined 
by the Apprenticeship Committee. 
Courses will normally commence in 
March and September of each year, the 
appropriate application forms having to 
be completed and returned by January 
1 and July 1 respectively. 


Government Department Electrical 
Specifications 


The Committee on the Standardisa- 
tion of Electrical Cables and Wires for 
Government Services (Secretary, Mini- 
stry of Supply I.E.M.E. ‘‘ Walsing- 
ham,” Chislehurst, Kent) have recently 


issued a revised version of G.D.E.S. 
22-1948 for Equipment Wires. Some 
types and sizes have been deleted from 
the previous issue and a number of 
other minor modifications made, Copies 
= be obtained from H.M.S.O. price 
dd. 


Changes of Address 


Messrs. A. B. Metal Products, Ltd., 
have opened a London office at Ludgate 
House, 107 Fleet Street, London, E.C.4. 
The telephone number is Central 5667. 

The address of the Sheffield office of 
Wild-Barfield Electric Furnaces, Ltd., 
and their associates, Messrs. G. W. B. 
Electric Furnaces, Ltd., is 4 Paradise 
Square, Sheffield 1. The telephone 
number remains unaltered as Sheffield 
22776. 

Raymond Electric Ltd., announce 
that they have taken over a larger fac- 
tory at Brent Crescent. The new 
address and telephone number is: 
Brent Crescent, North Circular Road, 
London. N.W.10. Telephone No. 
ELGar 6687. 


Agents for Birmingham Sound 
Reproducers, Ltd. 


Messrs. N. Miers and Co., Ltd.. of 
115 Gower Street. London, W.C.1 
(telephone number Euston 7515) have 
been appointed agents in London and 
the South for the special products 
division, This covers the new range of 
scientific instruments, including beat 
frequency oscillators, valve voltmeters, 
harmonic analysers and_ vibration 
analysing equipment. Messrs. N. Miers 
and Co.. Ltd., are also in a_ position 
to give direct assistance to those con- 
cerned with the normal range of pro 
ducts such as sound amplification and 
recording equipment. 


New Maintenance Depot at Croydon 


New developments in the organisa- 
tion of their air radio denartment, 
including the extension of repair, 
maintenance and instructional facilities 
at Croydor Airport. are announced by 
Marconi’s Wireless Telegravh Co., Ltd., 
Chelmsford. This is a revival of facili- 
t‘es available before the war when the 
Marconi’s main air service depot at 
Croydon, provided a valuable service to 
the commercial air lines operating from 
that a‘rport. 

In order to bring about even closer 
co-operation with the company’s 
development and_ production sections 
engaged on air radio projects, Marconi’s 
aeronautical division has now been 
centralised at Chelmsford, Essex. under 
the Manager of the Aeronautical 
Division, Mr. L. A. Sweny. The staff 
of the air radio department dealing 
with sales and contract matters who, 
until recently, were at Hackbridge, 
have arcordingly been transferred to 
head office at Chelmsford. 

The telephone number of the Croydon 
establishment is Croydon 7744. 


Publications Received 


**Low Temperature Brazing Tungsten 
Carbide Tool Tips’’ (Publication No. 
2128). An informative booklet well 
illustrated with clear photographs and 
simple diagrams,  publishe by: 
Johnson Matthey & Co., Ltd., 78-88 
Hatton Garden, London, E.C.1. 


“The Triple Diode A.V.C. Circuit.’ 
Another of the excellent Mollerd 
Technical Reports (No. 9/1948) issued, 
primarily sod the benefit of equipment 
designers, Mullard Electronic Pro- 
ducts Ltd., y, Bioaaes House, Shaftesbury 
Avenue, London, W.C.2. | Copies are 
not available for general circulation. 

Oscillograph Equipment and M731 
Universal Reading Camera. Two h'ghly 
informative and delightfully produced 
booklets on. some cf the equipment 
manufactured by Southern Instruments, 
Ltd., Fernhill, Hawley, Camberley, 
Surrey. 


Trix Quality Sound Equipment. 
Folder containing illustrated lists of 
their full range of loudspeakers, ampli- 
fiers and allied equipment issued by 
The Trix Electrical Co., Ltd., 1-5 Maple 
Place, Tottenham Court Road, London, 
W.1. 


** Eddystone Short Wave 
nents’’ (Publication No. WHL56811 
Price 6d.) and “The Eddystone 
145 Mc/s. Guide’ (Price 1s. 6d.) 


Compo- 


received from Stratton & Co., Ltd., 
Birmingham, 81. 
‘*Ediswan Mazda B8A _ Valve s— 


and others in the A.C. range. 

(Publication No. R1339) giving ratings, 

operating and capping data. Issued 

by The Edison Swan Electric Co., Ltd., 

155 Charing Cross’ Road, London, 
G22. 


** Corrugated Perspea ’ 

Three booklets (1) 453/53/1247, (2) 
R1/396/14/648, (3) R1/2Ed/454/24/ 
748 giving technical notes and applica- 
tions of this product have been received 
from Imperial Chemical Industries, 


Ltd. 


“* Wiggin Nickel Alloys.’’ Periodical 
notes on the properties of nickel and 
nickel alloy products (formerly called 
“Monel Notes ’’) obtainable on appli- 
cation from Henry Wiggin & Co., Ltd., 
Wiggin Street, Birmingham, 16 


Telcon Metals. 

Publication No.M4 relating’ to 
Transformer and Choke Laminations in 
MUMETAL, RADIOMETAL and RHO- 
METAL. 

The Telegraph Construction and 
Maintenance Co., Ltd., 
22 Old Broad Street, 
London, E.C.2. 








APRIL 


The Institution of Electrical Engineers 
All meetings, unless otherwise speci- 
fied, are held at the Institution of 


Electrical Engineers, Savoy . Place, 
London, W.C.2, 


Ordinary Meeting 
Date: April 21. Time: 5.30 p.m. 
The 40th Kelvin’ Lecture—‘‘ Semi- 
Conductors and Rectifiers.’’ 
By: Professor N. F. Mott, M.A., F.R.S. 


Radio Section 
Date: April 6. Time: 5.30 p.m. 
Lecture: ‘‘ Hot-Cathode Thyratrons: 
Practical Studies of Characteristics.”’ 
By: H. de B. Knight, M.Sc. 
Date: April 12. Time: 5.30 p.m. 
Informal Lecture: ‘‘ Radio-Frequency 


Heating.”’ 
Barfield, D.Sc. 


By: R. H. 
The Secretary, The Institution of 


Electrical Engineers, Savoy Place, 
London, W.C.2. 
Cambridge Radio Group 
Date: April 26. Time: 8.15 p.m. 
Held at: The Cavendish Laboratory. 
Lecture: ‘‘ Meteors 


By: A. C, B. Lovell, O.B.E., Ph.D. 


Hon, Secretary: G. E. Middleton, M.A., 
University Engineering Laboratory. 
Cambridge. 


South Midland Radio Group 


Date: April 28. Time: 6 p.m. 

Held at: The James Watt Memorial 
Institute, Great Charles Street, Bir- 
mingham. 

Lecture: ‘‘ Some Aspects of Gramo- 
phone Reproduction.”’ 

By: K. N. Hawke, B.Sc. 


Secretary: E. May, Birmingham Elec- 
tric Furnaces, Ltd., Tyburn Road, 
Birmingham, 24. 


North-Western Radio Group 


Date: April 27. Time: 6.30 p 
Held at: The Engineers’ Club, “Albert 
Square, Manchester. 
Discussion: “ we Reproduction.” 
penne i Scoles, B.Sc.(Eng.), 
— Sith, and G. I. Thomas, 
c, 


Secretary: A. L. Green, 244 Branting- 
ham Road, Chorlton-cum- Hardy; 
Manchester, 21. 


North Staffordshire Sub-Centre 


Date: April 22 
Held at: The English Electric Com- 
pany’s Hall, Stafford. 
Annual General Meeting and Lecture : 
4 Television Developments.”’ 
: K, R. Sturley, Ph.D. 


a. D. Smith, 82 Beatty Hall, 
Stone, Staffs. 


Electronic Engineering 


Institute of Physics 
Electronics Group 


Date: April 12. Time: 5.30 p.m. 
Held at: 47 Belgrave Square, Tati. 
S.W.1. 

Lecture: ‘‘The use of Electronic 


Devices for Measurement of Life- 
times in Nuclear Physics. 
By: Dr. J. Rotblat. 


Hon. Secretary: G. W. Warren, 
Research Laboratory, The General 
Electric Co., Ltd., Wembley, Middz. 


Midland Branch 


Date: April 7. Time: 6.30 p.m. 

Held at: The Imperial Hotel, Birming- 
ham. 

‘* Physics in Steel Manufac- 


By: Dr. C. Sykes, F.R.S. 

Hon. Secretary: Dr. J. H. Nelson, 
Messrs. Joseph Lucas, Ltd., Gt. King 
Street, Birmingham. 


The Television rash 


Date: April 1. Time 
Held at: The Waldorf ‘Hot.  Mlevd, 

London, W.C.2. 

Annual General Meeting followed by 
the Annual Dinner at 7.30 p.m. Full 
details ad be obtained from Mr. 

Lance, 35 Albemarle Road, 
a lay Kent. 


Midlands Centre 


Date: April 8. Time: 7 p.m. 
Held at: Room 6, The Chamber of 
Commerce. New Street. Birmingham. 


Lecture: ‘‘ Electronic Testing Instru- 
ments.” 
By: A. E. Crawford. 


Lecture Secretary: Dr. W. Summer, 
9 Beech Road, Bournville, Birming- 
am. 


Constructors’ Group 


A Constructors Group in connexion 
with the Midlands Centre has now been 
started. Regular meetings are held at 
the Church Hall, Beaumont. Road, 
Bournville, on Monday evenings at 
monthly intervals. Further details may 
be obtained from Mr. R. Baxendale, 
50 Alcester Road, Birmingham, 13. 


British Sound Recording Association 


Date: April 6. Time: 7.15 p.m. 

Held at; The Gaumont British Theatre, 
Film House, Wardour Street, Lon- 
don, W.1. 

Lecture: ‘‘ Developments in Magnetic 
Sound-on-Film.”’ 

By: Dr. O. K. Kolb. 


Note—This is a joint meeting with the 

British Kinematograph Society. 

Hon, Secret tary : R. W. Lowden, 
“ Wayford,”’ Napoleon Avenue, Farn- 
borough, Hants. 
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MEETINGS 


Institution of Electronics 
Midlands Branch 
Date: April 20. Time: 
Held at: Room 7, The rn of 
Commerce, New Street, Birmingham. 
Lecture: ‘‘ Servo Mechanisms. re 
By: Professor A. Tustin, M.Sc. 


Lecture Secretary: Dr. W. Summer, 
31 Beech Road, Bournville, Birming- 
ham, 30. 


R.S.G.B. 


Date: April 29. Time: 6.30 p 

Held at: The Institution of Rlectrical 
Engineers, Savoy Place, London, 
W.C.2. 

Lecture: ‘‘Some Aspects of High 
Quality Sound Recording and Repro- 
duction.”’ 

By: R. W. Lowden. 

The Secretary: New Ruskin House, 
Little Russell Street, London, W.C.1. 


Society of Instrument Technology 


Date: April 27. Time: 7 p.m. 

Held at: The Royal Society of Tropical 
Medicine and Hygiene. Manson 
House, Portland Place, W.1. 

Lecture : ‘‘ The Telerecording of Thick- 
ness, Pressure, Flow and _ other 
Physical quantities using a simple 
electro- per circuit.” 

By: Dr. W. J. Clark. 

Hon. Secretary: L. B. Lambert, 56 
Tudor Gardens, London, W.3. 


Brit. 1.R.E. 


London Section 


Date: April 21. Time: 6 p.m. 
Held at: The London School of 
Hygiene and Tropical Medicine, 


Keppel Street, London, W.C.1. 


Discussion: ‘‘ Frequency, Modulation 
and Amplitude Modulation.” 


The Secretary: The British Institution 
of Radio Engineers, 9 Bedford Square, 
Danka, W.C.1. 


South Midlands Section 


Date: April 28. Time a 

Held at: The Tochaical Co lege (Room 
A5), The Butts, Coventry. 

Lecture: ‘‘ Electronic Voltmeters.”’ 

By: R. A. Lampitt. 

Secretary: C. Stokes, 6 Esterton Close, 
Coventry. 


Radar Association 
London Branch 


The above branch holds its meetings 
on the first Tuesday of each month at 
the Albert Tavern, Victoria Street, 
London, at 7 p.m. Further details may 
be obtained from The Honorary Secre- 
tar Radar Association, 70 High 

os eg London, W.C.2. 
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ELECTRONIC LITERATURE 


CIRCUITS 


Pentriode Amplifiers 
(H. M. Zeidler and J. D. Noe) 


Conventional video-amplifier design 
is complicated by low-frequency phase 
shift and degenerative decrease in gain 
caused by inefficient screen-grid and 
cathode by-pass circuits, This paper 
describes two amplifier circuits in which 
phase shift and degeneration in those 
by-pass circuits may be eliminated 
throughout the entire range to zero 
frequency. Small paper or mica capa- 
citors may be substituted for bulky 
electrolytic units, with consequent im- 
provement in electrical and physical 
amplifier characteristics. 

These circuits are applicable to 
amplifiers with stage gains less than 
the control-grid to screen-grid amplifi- 
cation factor of the tube. Inasmuch as 
common tubes have factors ranging 
from approximately 10 to 50, the cir- 
cuits described are primarily applicable 
to video amplifiers. In practice, the 
interstage circuits are designed in 
accordance with conventional methods 
involving either two-terminal or four- 
terminal networks. The by-pass cir- 
cuits described may then be 
incorporated into the design to provide 
the advantages outlined above with no 
loss in stage gain. 

—Proc. I.R.E., 

p.1,332. 


Shunted-Amplifier Input Admittance 
(A. Shadowitz) 


A method is presented for finding the 
input admittance ofan amplifier having 
a shunt impedance between its output 
and input. The shunted-amplifier gain 
is the sum of two terms that have 
simple physical significance. Several 
cases are worked out for a shunting 
capacitance, and include a single stage 
with both resistive and tuned loads 
and a double stage with resistance- 
capacitance coupling. Application to 
a frequency modulator is given in 
detail. Extensions are indicated to the 
theory of the tuned-plate tuned-grid 
oscillator, multivibrator, and negative- 
impedance devices. 

—Elect. Comm. 

p.468. 


F-M Receiver Design Problems 
(E. C. Freeland) 


A survey of design and production 
techniques, including an evaluation of 
limiter-discriminator, ratio, and syn- 
chronised-oscillator detectors. _ Hum 
reduction and the tracing and elimina- 
tion or regenerative effects in 1.F. and 
R.F. stages, particularly foi a.c./p.c. 
receivers, are described, 

—Electronics, January, 1949, p.104. 


November, 1948, 


December, 1947, 


THERMIONIC DEVICES 





Microphonism in a Subminiature 
Triode 


(V. W. Cohen and A. Bloom) 


The simple theory of the symmetri- 
cal plane triode has been applied to 
the calculation of the change in plate 
current as a function of motion of the 
grid and cathode. For perfect sym- 
metry, the first-order approximation 
gives zero change in current. The 
second-order expressions are evaluated 
and show that an output signal may 
be expected having twice the vibration 
frequency. A description is given of 
equipment for vibrating a tube for test, 
measuring the amplitude of vibration, 
detecting very small resonance of tube 
parts, and studying the wave form of 
the electrical output. 

Experimental studies have been 
made on tubes to determine the 
mechanical origin of several different 
forms of electrical output. In some 
cases, individual tubes which exhibited 
particular forms of microphonism have 
been opened up, the structure altered, 
and the tube operated under vibration 
in an evacuated bell jar. In this way, 
the mechanical origin of particular 
forms of microphonism were determined 
quite definitely. A few general com- 
ments are given regarding tests for 
microphonism, and the design of tubes. 


—Proc. I.R.E., August, 1948, p.1,089. 


Duplex Tetrode UHF Power Tubes 
(P. T. Smith and H. R. Hegbar) 


The major factors affecting the design 
and development of wide-band vunH¥F 
power tubes are considered and em- 
phasis is given to the _ television 
application. A qualitative discussion of 
methods for obtaining the required per- 
formance is presented, and a 5 KW 
300 Mc liquid-cooled, internally neutra- 
lised duplex tetrode is described. 

—Proc. I.R.E., November, 

p.1,348. 


1948, 


Geiger Miiller Counters 


This symposium on Geiger Miiller 
counters comprises the following three 
articles: (1) ‘‘ Some Geiger-Miiller and 
proportional counters of _ spherical 
shape,”’ by G. Salvini, (2) “A new 
quenching circuit for Geiger counters,”’ 
by H. Maier-Leibnitz, and (8) ‘‘ Circuits 
for testing efficiency of Geiger oo 


ters,’ by G. E. Hagen and D. 

Loughbridge, 

—Rev. Sci. Inst., August, 1948, 
p.494.* 





* Abstract supplied by courtesy of Metropolitan - 
Vickers Electrica] Co. Ltd. Trafford Park, Manchester 


INDUSTRY 


A Digital Computer for Scientific 
Applications 
(C. F. West and J. E. deTurk) 

During the past two years develop 
ment has been initiated on _ several 
large-scale automatic digital computing 
machines, both in this country and 
abroad. The present paper is concerned 
with the over-all organisation of one 
such machine. A logical division of 
the machine into four major compo 
nents is described, and the machine 
performance is interpreted in terms of 
these component functions. The elec- 
tronic techniques used to accomplish 
the storage, transmission, and arith- 
metic manipulation of numbers, to- 
gether with certain methods used for 
control of the computer, are briefly 
discussed. Although the paper is con- 
cerned with the design of a particular 
machine, it is felt that the design 
problems and engineering techniques 
are applicable to most large-scale com- 
puting machines. 

—Proc. I.R.E., 

p.1,452. 


December, 1948, 


Ultrafax 

A new facsimile method uses cathode- 
ray tubes as light sources at both 
transmitter and receiver. Ultimately 
high-speed transmission depends upon 
10-megacycle microwave relay chains. 
Receiving device uses photographic film 
that can be developed in a few seconds. 

—Electronics, January, 1949, p.77. 


Shutterless Television Film Projector 
(L. C. Downes and J. F. Wiggin) 
Motion pictures on 16-mm. film are 
converted from 24 to 80 frames per 
second, Electron tubes contro] speed 
and phase of projector driving motor, 
pulse and synchronise the light sources 
and provide the accompanying sound. 
—Electronics, January, 1949, p.96. 


Nickel-Iron Alloy Dust Cores 
(S. E. Buckley 

The development of dust cores to 
meet the increasing demand for use in 
telecommunications equipment is out- 
lined. Requirements for such uses are 
defined, a high and constant permea- 
bility and low losses in the core being 
the most important. Among the ma- 
terials used for dust cores described are 
electrolytic iron, Permalloy (nickel- 
iron), and molybdenum-Permalloy. 
_ The constancy of permeability and 
its influence on design, the question of 
calculating the dust-core permeability 
from inherent properties of the metal, 
and core losses are discussed, 

he effective resistances at audio- 

frequencies of dust-cored coils of 
various materials are compared. 

—Elect. Comm., June, 1948, p.126. 
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Advance Attenuator (type A.38) 
(Illustrated above) 


HIS attenuator has been designed 

primarily for use in radio frequency 
standard signal generators. It can, however, 
be used in any audio or radio frequency 
application where attenuated outputs from 
| volt down to a microvolt or less are re- 
quired even at frequencies greater than 
300 Mc/s. 


The attenuator consists of an aluminium 
die casting which houses an unbalanced 
ladder network and a switching device for 
selecting any one of six positions. The 
switch blades and contacts are rhodium- 
plated in order to eliminate wear and 
contact troubles. 


The various cavities in which are located 
the resistance network, switches, contacts 
etc., are so proportioned that optimum 
performance is obtained at high frequencies 
when the impedance of the ladder network 
is 75 ohms. 


A four step 75 ohm network is normally 
fitted having each step adjusted to within 
20 db plus/minus 0.2 db. High-stability 
carbon resistors are used since they are the 
only type available which are sufficiently 
nonreactive at high frequencies. Up to 
100 Mc/s the accuracy of the attenuator is 
determined by the accuracy of the resistors. 
At 300 Mc/s. megacycles the attenuation 
per step is approximately 20.5 db’s. 

Specification 
Impedance: 75 ohms. 
Maximum Attenutation : 80 db. 
Attenuation Per Section : 20 db. 
Accuracy (at 80 db): 0-100 Mc/s.-I db. 

100-300 Mc/s.-+-2 db. 

Input Connexion : 3 B.S.F. externally threaded 
bush. 

Output Connexion : 

Weight: 9 ozs. 


Standard Pye sockets. 


Advance Components Ltd., 
Back Road, Sherhall Street, 
Walthamstow, London, E.17. 


Electronic Engineering 


High Accuracy Precision 
Potentiometers 
(Illustrated below) 


RANGE of cam-corrected high accuracy 
potentiometers is displayed by Colvern 
Ltd., 


In the Colvern cam-corrected poten- 
tiometer a certain amount of angular 
motion is transmitted to the rotor contact, 
in addition to, and independent of, the main 
spindle, this motion being communicated 
to it by means of a lever which bears down 
on a track concentric with the resistance 
element. The profile of the track is con- 
trolled by screws arranged at regular in- 
tervals round its circumference and is 
adjusted so that inherent errors at any 
point in the winding are compensated for 
by the automatic retarding or advancing of 
the rotor contact. 


A guaranteed linear accuracy of better 
than + 0.1 per cent is maintained in all 
standard cam-corrected potentiometers, 
whilst in the Type CLR9IOI 6} in. model 
the linearity tolerance can be held as low 
as 0.04 per cent and even lower, dependent 
on resistance value. 


Specification 
Rating : 10 watts. 


Resistance Values 
150,000 ohms. 


Overall Resistance Tolerance : +- 5 per cent. 

Linear Accuracy : -+ 0.04 per cent. 

Maximum Working Voltage between Spindle 
and Track: 1,000 volts D.C. 


Effective Angle of Resistance : 315° +-0.25° -0° 
Angle of Spindle Rotation: 360. 


Available : 1,000 to 


Colvern Limited, 
Mawneys Road, Romford, Essex. 
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ELECTRONIC 
at the R.C.M.F. 


T HE sixth private Exhibition of the 

Radio Component Manufacturers 
Federation was held at Grosvenor 
House, London, from March Ist to 
March 3rd, 1949. 


B.S.R. High Gain Valve Voltmeter 
Type V.M. 1000 


HE V.M. 1000 is a voltage measuring 
instrument of exceptionally wide fre- 
quency range and high sensitivity. 


A full scale sensitivity down to 10 mV 
permitting measurements down to | mV 
and a frequency range of 20 cycles to 200 
Ke/s. is, in itself, a unique feature, but by the 
use of a skilfully designed cathode follower 
probe, an input impedance of 100 megohms 
with an effective input of only 7 pF has been 
achieved. 


The V.M. 1000 will be found invaluable on 
Supersonic work. A companion instrument 
to this, is the R.C. Oscillator Type R.C. 200. 

Specification 
Valve Voltmeter Type V.M.1000 
Voltage Range (full scale): 1.0 mV to 30 
volts in 8 ranges. 
Frequency Range: 20 cycles to 200 Ke/s. 
Meter (3 scales): (1) Decibel scale minus 

10 dB. to plus 10 dB. (OdB=! volt). 

(2) A.C. volts 0-3. (3) A.C. volts 0-10. 
Overall Accuracy : 5 per cent better down 


to approx. 1/6th f.s.d. 
Operation : 


200/250 volts, 50/60 cycles | 
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EQUIPMENT 
EXHIBITION 


A selection of the newer and more 
important exhibits is given on these 
pages. Further information can be 
obtained from the firms concerned. 


B.S.R. R.C. Oscillator 
Type R.C. 200 


baw instrument operates from a 6 volt 
battery source, with an H.T. vibrator 
unit. Three 2 volt non-spillable accumu- 
Jators are combined in a portable case, 
forming a complete power unit. A mains 
unit is available as an alternative supply. 


An internal 600 ohm load is provided 
which can be selected by a switch. This 
load is tapped at 0.6 ohms and brought to 
an output terminal on the front so that very 
low voltages are available for most exacting 
requirements, and is fitted with precision. 


A nominal | volt output is available 
across 600 ohm output terminals, and a 
meter is built in which has the following 
scales: O-lv., minus | dB.-O-plus | dB. LT.. 
and H.T. level indications. 


Specification 
R.C. Oscillator Type R.C. 200 
Frequency Ranges : 
(1) 20 ¢/s.- 200 c/s 
BB Se min 268 
(4) 20 Ke/s.-200 Ke/s. 


Output : Nominal | volt across 600 ohm 
unbalanced. Optional internal load with 
0.6 ohm tap. Output meter scaled | volt 
and minus | dB./plus | dB., also with L.T. 
and H.T. levels. 


Attenuators : 60 dB. in | dB. steps (or 120 
dB. max. on 0.6 ohm tap). 


Birmingham Sound Reproducers Limited, 
The Claremont Works, Old Hill, Staffs. 











Bectronic Engineering 


Ear Mounting [Drilitic 'Capacitors 
(Illustrated on right) 


NEW method of Ear-mounting is now 

introduced to obtain the maximum 
advantage of size reductions and to provide 
a more rapid efficient method of mounting 
and fixing capacitors. 

With the use of direct Ear-mounting 
the actual diameter of the capacitor repre- 
sents the maximum chassis space required, 
thus saving the space previously occupied 
by the usual fixing feet on the clamp bands. 

No loose parts in the form of clamp bands, 
fixing screws and nuts or rivets are required; 
a slight twist of the mounting ears, when 
inserted through the chassis rigidly fixes 
the capacitor. They are available in a full 
range of the usual capacitance and voltage 
values in single, dual and triple capacitance 
forms. 

For the time being, these capacitors are 
only available to manufacturers of radio and 
electronic equipment. 


Dubilier Condenser Co. (1925), Ltd., 
Ducon Works, Victoria Road, 
North Acton, London, W.3. 


Microphones for Hearing-aid 
Component 


(Illustrated below) 


pode crystal microphones manufactured 
by Cosmocord Ltd., are claimed to be 
the smallest ever produced. A round type, 
the Acos MIC 15 has a case diameter of 
0.8 in. (21 mm.) and square type, the Acos 
MIC 17 has a square case of 0.8 in. Both 
types are illustrated. 

Another microphone, the Acos MIC 1I8 
has been developed which has exactly the 
same response as the Company’s standard 
hearing-aid microphone but is housed in a 
shallow case, a reduction in size without 
loss of performance which is a considerable 
improvement. 

Other equipment exhibited included the 
Acos G.P.I5 Microcell cartridge, which is 
the first British gramophone pick-up 
cartridge to play both the new microgroove 
records and standard 78 r.p.m. records. 


Cosmocord Ltd. 
Enfield, Middlesex. 
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Miniature Metallised Paper 
Capacitors 
(Illustrated below) 

U piey W99 capacitor has been developed 
to meet a demand for a small, inexpensive 

component for applications where the new 

range of miniature valves renders orthodox 
types difficult in assembly. They are 
particularly useful for decoupling at fre- 
quencies up to and exceeding 100 Mc/s., 

their effective inductance equalling that of a 

straight wire of equal length of 4 in. dia. 

(approx.). 

Dimensions : Length 7 in. (11.11 mm.). 
Diameter in. (4.75 mm.). 

Capacitance Range: 150 v. D.C. Wkg. 
0.004 uF to 0.01 uF. 350 v. D.C. Wkg. 
50 pF to 0,003 pF. 

Capacitance Tolerance: Standard -+ 20 
per cent. Closer tolerances are available. 

Capacitance Stability: Better than + 2 
per cent over temperature range. 

Temperature Range: 150°C. to + 71° C. 

Insulation Resistance: Better than 20,000 
megohms. All capacitances. 

A. H. Hunt Limited, 


Bendon Valley, Garratt Lane, 
Wandsworth, London, S.W.18. 














Temperature Compensation 
Capacitors 


(Illustrated on right) 


THEE capacitors are less than 3 in. long 
by } in. dia. and have been designed 
specially to offer a large change of capacitance 
with a relatively small initial capacitance. 
The tempeature coefficient is strongly 
negative (—3000 + 10 per cent x 10 —6/°C.) 
These capacitors are, therefore, suitable for 
compensation of positive coefficients of 
inductance in tuned circuits without 
greatly increasing the minimum of capacit- 
ance. 


Miniature Pearl and Tubular 
Capacitors 

These now cover all preferred values from 
0.47 pF to 10,000 pF. Maximum diameter 
} in., max. length { in. In this range, full 
use has been made of the properties of the 
new material Unilator K.3000 which com- 
bines a high permittivity of 3000 with 
excellent insulation resistance and high 
breakdown strength. This range is suitable 
for coupling capacitors in television, F.M. 
and radar receivers, and for the I.F filter 
in normal broadcast receivers. 


New Ceramic Transmitter 
Capacitors 

Ceramic ‘‘Hi-Load’’ Capacitors have 
been extended to cover a variety of dielec- 
tric bodies and fittings. Their aerodynamic 
shape and excellent power factor of the 
special low loss ceramic bodies, have made 
it possible to pack heavy R.F. ratings into 
small dimensions. These new designs 
ensure greater efficiency in R.F. heaters and 
transmitters. 


New Silvered Mica Twin Capacitors 
These capacitors which form one of the 
end blades of an I.F. transformer assembly 
have proved extremely popular as their 
use (patent applied for) affords a con- 
siderable saving in the assembly costs. 
Formerly types were for % in. and I¢ in. 
square cans; the new type will meet 
requirements of users of | in. square cans. 
United Insulator Company Limited, 
Oakcroft Road, Tolworth, 
Surbiton, Surrey. 


Flectronic Engineering 


Boe 


R.F. Cables 
(Illustrated below) 


i be wide range of Telcon Radio Frequency 
and Television Cables were exhibited, 
together with examples of ‘‘ GEE”’ 
(antimicrophonic) and ‘‘ WYE’’ (double- 
screened) R. F. cables. 

Of interest was a new low-loss cable of 
high uniformity, Telcon type A.S. 84. Al.H, 
which has been recently developed. It is 
intended primarily for use as a television 
antenna feeder. Several advanced features 
are included in the design in order to 
achieve the desired characteristics. 

A solid copper wire is used as the inner 
conductor, the insulation is formed by a 
series of interlocking semi-cylindrical shells 
accurately moulded in Telcothene: the 
outer conductor is formed of a seamless 
extruded tube of high conductivity 
aluminium. The aluminium tube provides a 
highly efficient return conductor and 
serves as a watertight sheath to protect 
the semi air-spaced insulation. The robust- 
ness and light weight permits it to be 
installed on masts without the use of steel 
armour. The usual outer servings are 
applied when the cable is used in external 
installations. 

The Telegraph Construction 
and Maintenance 

Co. Ltd., 

Telcon Works, 

Greenwich, London, S.E.10. 


Telcon R.F. Cable 
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Projection Television Apparatus 
(Illustrated on left) 


NEW projection television components 
have been developed by Mullards and are 
available only to manufacturers of television 
equipment. 
These components comprise an optical 
system complete with deflection and 


| focusing coils and a compact EHT unit for 


the necessary 25 KV supply. These two 

units, in conjunction with the new Mullard 

2} in. picture tube type MW6-2, enable 

manufacturers to produce an efficient large 

screen television receiver using as a basis 
the chassis of their existing direct viewing 
set. 

Special Features 

(1) Large picture 12 in. by 15 in. on a flat 
screen. 

(2) Low tube replacement costs. 

(3) Compact optical system is very efficient 
and makes use of a modified Schmidt 
principle. 

(4) Screen size is suitable for home viewing 
or for viewing by small groups. 

(5) Has high picture brightness and small 
spot size on the picture tube face. 

(6) The system is more than adequate for 
405 lines resolution with good contrast 
and brightness. 

(7) Optical unit remains in adjustment with 
ordinary use. 

(8) Mullard television components, together 
with Mullard picture tube and driver 
valves, are supplied as a system com- 
pletely tested and ready for use. 

Mullard Electronic Products Ltd., 
Century House, Shaftesbury Avenue, 
London, W.C.2. 


A New Pre-set Mounting Bush 
(Illustrated below) 


A NEW Teledictor component is a mount- 
ing bush in a simple and convenient 
form for pre-set controls. 

The single % in. diameter hole fixing 
makes it possible to dispense with the 
present method of brackets with all the 
additional screws and nuts. It provides a 
positive location for the screw driver, when 
setting the control. It is suitable for use 
with all types of instrument panels or chassis 
up to a 7 in. thickness, and is normally 
supplied in nickel plated brass but can also 
be supplied in an insulating material. 

Teledictor Limited. 
214, Birmingham Road, Dudley, Worcs. 
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New Range of Plessey Television 
Components 


(Illustrated above) 


AS a result of extensive development in 
the television receiver field, The Plessey 
Company Limited, Ilford, Essex, has pro- 
duced a complete range of new components 
incorporating the latest technical and 
economic advances. New circuit techniques 
have been evolved offering substantial 
simplification and economics. Versions are 
available for various valve combinations, 
provision being made for different circuit 
arrangements according to particular re- 
quirements. 


Combined E.H.T. and Scan Unit 

This is a new combined line scan and 
E.H.T. unit of high efficiency and economic 
construction. A new core material is 
incorporated which has been specially 
developed by the Company for the purpose, 
and which offers a number of advantages 
over contemporary methods. Available 
for operation from various types of valves 
e.g. EL 38. Pen 46 and 807, it is also suitable 
for use in the basic single valve self-oscillating 
circuit for either hard or soft valves. 


Frame Deflection Arrangement 

Two types of frame units are available for 
single valve or drive circuits, but these use 
different mechanical structures, The single 
valve construction consists of a yoke type 
transformer which acts simultaneously as 
oscillating transformer and deflector. 


For driven frame circuits a conventional 
Output Transformer (T.1441) suitable for 
operation with valves of the 6L18, 6FI3, 
EF types (triode connexion for maximum 
current economy) or in an alternative 
version T.109! for higher current values, 
and operated in conventional circuit 
arrangement. 

Scanning Coils 


New deflector coil units of simplified 
design are also provided. The combined 
line and frame deflector unit is suitable for 
use in arrangements using a driven frame 
time-base with output transformers, T.1441 
and T.1091 and with the combined E.H.T. 
and Scan Unit. 


Hlectronic Engineering 


Focus Arrangements 


Both electro-magnetic and permanent 
magnet focus units are available. The former 
is a light coil in three resistance values. This 
is available separately or on a three point 
fully adjustable mounting. The permanent 
magnet arrangement has a ring magnet 
mounted to give a narrow field gap and is 
also fully adjustable on a three point 
mounting. Aspecial feature of this mounting 
is the facility for movement behind the 
mounting screen, allowing for easy adjust- 
ment when the complete receiver is in its 
cabinet. 


Two magnets are available, flux values 
giving suitable flelds for triode and tetrode 


C.R. tubes. 
The Plessey Co. Ltd. 
Ilford Essex. 


Miniature Metalmites 
(IIlustrated below) 
— are an extension of the standard 
Metalmite range of paper tubulars to 
cover requirements for deaf aid equipment, 
miniature receivers and transmitters. Their 
short length makes them very adaptable in 
small assemblies, whilst their excellent 
sealing maintains a high insulation resistance 
and high breakdown voltage under tropical 
conditions. 
Some typical additions are :— 
.0002 uF, 500 v D.C. working and .00/ 
uF 350 v D.C. working, at 70° C. and 
16 mm. long by 5 mm. diameter. 
Telegraph Condenser Co. Ltd. 
Wales Farm Road, 
North Acton, London, W.3. 
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Tape Deck Recorder Unit 


HE Wearite ‘‘ Tape-Deck ’’ is the first 

entirely British made recorder and is, 
it is claimed, a great step forward in bringing 
good quality recording within the reach of 
a wide variety of users. 


The outstanding features are :— 


(1) Motor-board includes the necessary 
driving motors, switches, constant speed 
capstan, brakes and link mechanism, 
twin-tape reels, heads for recording, 
erasing, playing back, footage indicator, 
control knobs and neon indicator. 


(2) Controls are limited to stop and start 
switches, change-speed switch and 
switch for erasing, recording, winding 
and play-back. 

(3) Speed of playing or recording can be 
varied at will; speeds of 3% in. per 
second and 7} in. per second are standard 
provisions. 


(4) Standard 4 in. wide tape is used and 
reels hold 1,250 feet. Playing time is 
accordingly 70 minutes at 3$ in. or 
35 minutes at 7} in. per second. 


(5) No ‘‘ threading ’’ of the tape is required: 
It is simply dropped into the ‘‘ V ’’-slot 
on the right of the motor-board. 


(6) The recording and play-back heads are 
so arranged that two tracks of recording 
can be stored on the standard tape thus 
effectively doubling the playing times 
mentioned in (4) above. Alternatively 
the two tracks can be recorded or played 
simultaneously for applications where 
this is required. 


(7) The winding-back time is one minute. 


(8) Erasing of the tape is performed at 
45Kc/s prior to recording. 


At present the ‘‘ Tape-deck ’’ recorder is 
available to manufacturers only who will 
fit the recorder into their own amplifying 
equipment. 


Wright and Weaire Ltd., 


138, Sioane Street. 
London, S.W.|1, 
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behind our 


TECHNICAL BOOK 
ORGANISATION 


ensure an 
incomparable service 
We can supply most British and 
American Books by return of post 


Send 6d. P.O. for our unique descrip- 
tive Catalogue “‘T”’’ covering books on 


TELECOMMUNICATIONS AND 
ELECTRONICS 


Write, call or ’phone 


‘BOOKS © CAREERS 


(Dept. 25) 39, SOUTH AUDLEY 
STREET, LONDON, W. I. (GRO. 478!) 


also at 
84, Victoria Street, S.W.!. (VIC. 2738.) 





























NEW! First post-war edition WIRELESS 
W ORLD—RADIO VALVE DATA, with 
characteristics of 1,600 valves. 30s. 
Postage 3d. 


PULSES AND TRANSIENTS IN COM- 
MUNICATION CIRCUITS, by C. 
Cherry. 32s. 


THE RADIO AMATEUR’S HAND- 
BOOK, by A. R. R. L. 1949. I6s. 6d. 
Postage 9d. 


VADE MECUM, 1948 edition, by P. H. 
Brans. 2 volumes. 19s. net. Postage 6d. 


Postage 6d. 








RADIO ENGINEERING, by F. E. Terman. 
42s. Postage 9d. 


aah ~ OF SERVOMECHANISMS 
y S. G. Brown and D. P."Campbell. 30s. 
lashes 9d. 


THE AMPLIFICATION AND oy tig 3 





BUTION OF SOUND, by 
Greenlees. 6s. Postage 6d. 
TELEVISION RECEIVING EQUIP- 


MENT, by W. T. Cocking. 12s. 6d. 
Postage 5d. 


NEWNES TELEVISION MANUAL, by 
F.J. Camm. 7s. 6d. Postage 6d. 


VERY HIGH FREQUENCY TECH- 
NIQUES, Vols | and 2, by Radio Research 
Laboratory. £4 4s. set. Postage 9d. 


We have the finest stock of British and 
American radio books in the country. 
Complete list on application. 


THE MODERN BOOK COMPANY 


(Dept. E.4) 
19-23, Praed Street, LONDON, W.2. 

















Hectronic Engineering 


Theory of Servo Mechanisms 


By Hubert M. James, Nathaniel B. Nichols 
and Ralph S. Philips. 375 pp. M.I.T. 
Radiation Laboratory Series (McGraw-Hill). 
Price $5.00 net. 


E book gives a very thorough 
treatment of the theory of servo- 
mechanisms, illustrated by a number 
of examples, the most important of 
which is an automatic tracking radar 
equipment developed during the war. 
The treatment is almost entirely 
mathematical based on the methods of 
Laplace and Fourier transformers, and 
unless the reader is familiar with these 
techniques he will find the book 
difficult to follow. The approach is 
from filter network theory with which 
most telephone engineers will be 
familiar but owing to the lack of 
simple approach to the theory of the 
simpler servo systems, those not 
already familiar with servomechanisms 
or filter network theory will be well 
advised to study some simpler 
approach such as is given | in “‘ Servo- 
mechanism Fundamentals’’ by Lauer, 
Lesnick and Matson, before attempt- 
ing to use this book, When familiar 
with the underlyin problems and the 
use of Laplace “a Fourier transfor- 
mers, the reader will find this book of 
great value and the _ conclusions 
reached are of the greatest importance 
in many applications. 

The outstanding contribution is the 
method developed for determining the 
optimal values for the velocity-error 
constant and the time-constants of the 
various parts of the system to give a 
minimum value to the mean square 
error of the output under conditions 
of random noise appearing either at 
the input or within the servo loop. 
The solution will obviously depend on 
the type of servo system adopted, but 
the method is applicable in all cases, 
and so by it the di ifferent types can be 
compared, and taking into account 
the limits imposed on some of the 
parameters by design considerations 
the best system can be designed. This 
is of the utmost importance in those 
cases, like the example used, in which 
the ‘‘ noise ’’ in the system is of the 
same order as the accuracy required, 
but which is not the case in many 
industrial applications when a simpler 
approach can be used. 

In the cases where the servo system 
has to work near the limit set by the 
inherent noise level the stability 
criterion becomes of importance since 
the system will also be operating near 
this limit. The Nyquist criterion is 
defined and treated in full and a new 
criterion is developed from the decibel- 
log-frequency diagram which is 
approximately in agreement with the 
usual design practice. 

The derivation of weighting func- 
tions, transfer function, autocorrela- 
tion functions and power frequency 
spectra and their use is very fully 
described. This leads directly to the 
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theoretical design of servo systems 
which is quite straightforward for tlic 
usual examples. here follows an 
excellent chapter on the design of 
systems when the input data is in the 
form of pulses instead of tne more 
usua! p.c. and a.c. forms. This leads 
on to the consideration of the effect of 
noise, as mentioned above, which m ist 
be analysed by the use of the 
autocorrelation function and power 
frequency spectra. 

In the last chapter consideration is 
given to the effect of introducing a 
human operator at some point in the 
system and it is shown how allowance 
can be made for this somewhat 
uncertain element 

Of necessity, a large number of 
symbols are used in the course of the 
book and it is difficult for the reader 
to carry their meaning to his mind. 
A list of symbols would therefore be vi 
considerable assistance. 


J. F. Coares 


Loran (Long Range Navigation) 


By Pierce, McKenzie and Woodward. 
476 pp. (Vol. 4 of M.I.T. Radiation Labora- 
tory Series. McGraw-Hill. Price 36s. net.) 


HIS book is one of the series 

written at the end of the war, 
describing the work of the Radiation 
Laboratory. As such it contains a 
great deal of practical engineering 
information on the Loran system and 
some historical matter. As the name 
implies, Loran is a Long Range Navi- 
gation system which was used ‘exten- 
sively by the Allied Naval and Air 
Forces. The introduction of such a 
system based upon, at the time, un- 
familiar principles, involved not only a 
study of many branches of radio engi- 
neering, but also much investigation 
into methods of mapping and 
charting, together with calculations of 
coverage areas and errors arising from 
various configurations of ground 
stations. 

The book is divided into two parts, 
each of which contains a number of 
sections written by different authors, 
each an expert on the subject matter 
of the section concerned. The sections 
cover the following aspects: history 
of the system, principles, future trends, 
propagation, methods of computation 
and charting, and equipment design. 

In the introduction a review is made 
of alternative methods of radio posi- 
tion fixing and the logical background 
for the development of Loran is 
given. The historical section covers 
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REVIEWS 


the early development of ideas, and 
outlines the rapid development of the 
system with all its ramifications, until 
November, 1945, when the night-time 
service area was about 70 million 
square miles. Future trends are dis- 
cussed briefly in a somewhat optimis- 
tic manner, and it is probably true to 
say that none of the schemes 
described has passed beyond the 
theoretical stage. In particular, the 
more refined forms of equipment such 
as automatic dial reading navigators’ 
sets and automatic plotters have not 
so far made an appearance. 

When Loran’ development was 
started, its precise performance could 
not be predicted, particularly in 
regard to night-time accuracy, owing 
to inadequate knowledge of propaga- 
tion, and a great deal of research 
was therefore conducted. This is 
adequately described in the section on 
Propagation by J. A. Pierce, for both 
standard Loran on 2.0 Mc/s and for 
L.F. Loran on 180 Kce/s, Although 
this work was carried out in such a 
way as to yield information in a form 
directly applicable to the Loran 
system, much of it is of general 
interest and application. 


The section on computation of charts 
and tables is of general application to 
other hyperbolic systems, such as Gee 
and Decca. Several alternative 
methods of computation are given, 
including the accurate methods em- 
ployed for permanent chains and the 
more approximate ones intended for 
use by armies in the field. 


Part II of the volume is devoted 
entirely to description of equipments 
and accounts for about half of the 
total subject matter. All items of 
equipment used, ground transmitters 
and receivers, antenna systems, air- 
borne and naval equipments, are 
represented here by _ description of 
at least one model. The descriptions 
cover circuit design adequately, 
although no attempt is made to 
describe in detail the action of items 
such as multivibrators, blocking oscil- 
lators, etc. As the editors point out, 
these are adequately covered in other 
volumes of the series and elsewhere. 
Nevertheless, an interesting section on 
antenna design is included, and the 
difficulties of obtaining an_ efficient 
antenna with adequate bandwidths for 
pulse transmission on 180 Kc/s, to- 
gether with proposed solutions, are 
described at some length. 

To summarise, this is an interesting 
book, well produced, but by its nature 
very practical in regard to its subject 
matter and of interest to a rather 
restricted number of readers. 


H. R. Jonnson. 


Hlectronic Engineering 


Ultra-High Frequency Trans- 
mission and Radiation 


By Nathan Marchand. ix and 322 pp. 
New York: John Wiley & Sons, Inc. ; 
London : Chapman & Hall, Ltd. Published 
1947, price 27s. net. 


HIS book is an elementary intro- 
duction to the transmission and 
radiation of electromagneticenergy. The 
emphasis of the treatment throughout 
is analytical; the basic equations are 
developed in full detail for the funda- 
pears physical elements involved; 
practical applications of the_ results 
are ysl and in some places, a 
brief indication is given of the exten- 
tion of the principles to cover more 
complex systems, : ; 
chapter on transmission line 
theory forms the opening. The general 
equations and their solution are de- 
rived, but only the lossless line is 
treated in detail. The use of resonant 
lines for impedance measurements 1s 
discussed, and the use of circle 
diagrams is explained (but not de- 
rived). Stub matching is also covered. 
Chapter 8 is devoted to the derivation 
and discussion of Maxwell’s Electro- 
magnetic Equations and their boun- 
dary conditions. This is preceded by 
a very sketchy introduction to Vector 
Analysis, which appears unsatisfactory 
to the reviewer. If the student is 
familiar with the subject, there is no 
need for the space given to it here; 
if he is not, he will need a much more 
detailed and gradual approach. Chap- 
ter 4 introduces the concept of electro- 
magnetic waves, and treats the plane 
wave solution of Maxwell’s equations 
in detail. Poynting’s vector is intro- 
duced; reflexion and refraction are 
treated for simple cases. An excellent 
chapter on radiation follows. It begins 
with a discussion of the _ polarised 
spherical wave, then demonstrates that 
an oscillating doublet can generate 
such a wave, extends the treatment to 
a dipole of finite length, end sorts out 
the induction field and the radiation 
field end their respective ringes of 
influence. Radiation patterns and 
radiation resistances are evaluated, 
based on sinusoidal current distribu- 
tions. In the next chapter, an elemen- 
tary discussion of aerial arrays and 
their radiation patterns is carried out, 
including the effect of a_ reflecting 
ground plane. Rectangular and circu- 
lar wave guides are treated next along 
conventional lines with the aid of 
Maxwell’s equations. A short but verv 
useful chapter on mare complex line 
problems, such as the effect of breaks 
in a_ screen, and __ balanced-to- 
unbalanced line transformers, con- 
cludes the book, 

Taken as a whole, the book provides 
a readable and clearly presented intro- 
duction to the subject. and can be 
recommended to the engineer for the 
revision of the fundamentals, as well 
as to the student. 


P. E. Trier 
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BOOK REVIEWS (continued) 


Elementary Industrial 
Electronics. 


William R. Wellman. 362 pp. 250 figs. 
(D. van Nostrand.) Price, 22s. net. 


HE scope of the book is clearly 

stated in its title. It is written by 
an experienced teacher who is an ex- 
pert in both electronic engineering and 
pedagogics. 

The interesting features of the book 
are :— 

(1) A very thorough, though brief, 
description of the basic principles, well 
illustrated by a series of line drawings. 

(2) To deepen the understanding of 
the subject matter, the four experi- 
ments which are to be found at the 
end of each chapter, have been de- 
signed to assist the student in digest- 
ing the text of the particular chapter. 
Full directions are given and experi- 
mental alterations suggested. 

(8) Illustrations with line blocks are 
well made and are convincing through 
the clear conception and expression of 
the “things that matter.’’ Unfortu- 
nately, the same cannot be said of the 
half-tones which are — sometimes 
blurred, sometimes smudged and, with 
a few exceptions, are not instructive 
at all. : : 

In some photographic reproductions 
the electronic gear cannot be seen for 
all the black background which, one 
finds out, is the machine for which 
the electronic equipment in question 
has been designed. 

(4) The author has done very well 
indeed in including not only the usual 
list of well-known textbooks and 
references, but also some of the best 
technical trade literature (bulletins, 
catalogues, etc.). Other authors should 
make a point of perusing—and recom- 
mending—the trade literature which, 
when carefully selected, is an essential 
adjunct to the student’s as well as the 
engineer’s quick-reference-library. A 
lot of practical information is conveyed 
in conscientiously written trade litera- 
ture which will not be found in any 
textbook and, yet, is an essential part 
of the expert’s knowledge. 

(5) A summary at the end of each 
chapter will make it easy for the 
student to recapitulate each text, or 
to brush-up his knowledge. 

e few remarks that follow are in 
no way meant to detract the reader’s 
attention from the merits of the book 
as a whole. 

p. 20 “‘ capacity reactance’’ should 
read “ capacitive reactance.” 

p. 21 “‘ capacity ’’ should read “ capa 
citance.”’ 

p. 33. When the author says “‘ one or 
two billion cycles’? he means 
1.10° or 2.10° c/s. It must be 
remembered, when studying books 
of American vintage, that over 


there a billion is 10°, while in most 
parts of Europe it is 10°. The 
same applies to a remark on p. 12 
where one billion cycles is 1,000 
Mc. It would be very much ap- 
preciated by the readers in all 
parts-of the globe if such ambi- 
guity could be avoided by simply 
using non-ambiguous terms as, 
for instance, 1,000 Mc, or 10° c/s. 
An obvious omission might be 
pointed out in Fig. 2-18 where the 
anode lead has been forgotten. 
W. SuMMER. 


Frequency Analysis, Modulation 
and Noise 


By Stanford Goldman (McGraw-Hill, 1948). 
434 pp. Price 36s. net. 


T first sight the three subjects 

enumerated in the title of this 
book appear to constitute a mixed 
bag, Reflexion shows that they have 
much in common; and although the 
author has been at some pains to make 
the various parts of the text indepen- 
dent, the whole hangs together un- 
commonly well. 

The book sets out to clarify certain 
fields of radio. Consequently the 
mathematics, applied throughout with 
great vigour, is treated no more 
rigorously than need be for the pur- 
pose of imparting a thorough under- 
standing to radio engineers. 

The first four chapters deal with the 
theory and applications of analysis by 
Fourier series and integrals. Ampli- 
tude, phase and frequency modulation 
is discussed in a sixty-pvage chapter. 
The remaining two hundred pages of 
the text proper are devoted to an 
exhaustive and penetrating analysis 
of noise (in the radio sense). 

Six short appendices are particularly 
valuable, having regard to the mathe- 
matical flavour of the text. First 
there is a list of the principal symbols 
and abbreviations, with notes of the 
pages where they are defined or first 
used. Then follow tables of integrals. 
both definite and indefinite, and of 
trigonometric indentities; these, which 
could have been strung together so 
badly, have been compiled with care 
and evidently from experience as to 
what is useful in work of this kind. 
A few examples of Fourier pairs are 
given in a sample table. The last two 
appendices contain some miscellaneous 
information on Bessel functions and 
values of the function of the first kind, 
for various integral orders and argu- 
ments. 

A companion volume concerned with 
transient analysis and Laplace trans- 
forms is in preparation; it is sure to 
be awaited eagerly bv all—and there 
will be many—who find the volume 
under notice admirable. 

R. G. Maney 


Report on Progress in Physics 
Vol. XI (1946-47) 


The Physical Society (1948). 
Fellows ; £1 5s. Fellows. 


Price, £2 non- 


HE eighteen reports in this volume 

are regarded as covering a period 
of two years; six of the reports deal 
with meteors, comets and meteoric 
ionisation, while the remainder are 
devoted to a _ variety of physical 
subjects, including what is virtually a 
monograph, on Ferromagnetism, by 
Prof. E. C, Stoner. It is probably 
unnecessary to state that the reports 
attain a very high standard indeed; 
of those which are of _ particular 
interest to electronic physicists may be 
mentioned, ‘‘ Developments in _ the 
Infra-Red region of the Spectrum ”’ by 
G. B. B. Sutherland and E. Lee, and 
a lengthy paper on ‘‘ The Mechanism 
of Thermionic Emission for oxide 
coated Cathodes ’’ by H. Friedenstein, 
S. I. Martin and G. L. Munday. 
These 


paper have extensive biblio- 


graphies, which makes them of 
additional value. 
There are two reports on ‘ The 


radio-frequency Spectroscopy of Gases”’ 
and ‘‘ Ultrasonics research and_ the 
properties of matter,’’ and the atomic 
physicists are catered for by several 
papers. In general these are by 
specialists, for specialists, or physicists 
at an advanced level, who will find the 
reports of inestimable value. 


S. Roppa 


Electronic Engineering 


By E. Molloy (Geo. Newnes Ltd. 5s. 0d.) 
106 pp. + figs, in text. 


HE title of this book invites the 

obvious disclaimer that it has no 
connexion with this journal. It is a 
collection of short articles on various 
electronic devices by specialist authors, 
and by the use of extra small type it 
has been possible to compress a con- 
siderable amount of information into 
a short book. The subjects deolt with 
are: C.R. tubes and their applications, 
the Cyclotron and Betatron, Thyra- 
trons, Photo-cells, and X-rays. 

The subject of electronics is now so 
wide that it is practically impossible 
for one author to cover it adequately, 
and the assembly of individual] contri- 
butions is a more satisfactory way of 
ensuring that accurate and up-to-date 
information is available in a convenient 
form. Such a symposium, however, 
imposes a task on the editor to main- 
tain balance and, as far as_ possible. 
uniformity of style. Mr, Molloy has 
proved fully equal to the task, and it 
is only a pity that his efforts were not 
expended on a book of more dignified 
appearance. 

: G. Parr 
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When Buying Resistors 





CHOOSE THE CHEAPEST? 


After all, most resistors look alike and if 
you buy enough you should save quite a lot. 
Theoretically this sounds sensible but, in practice, 
a premature break-down of equipment can cost 
more to rectify than will ever be saved by buying 
the cheapest resistor, and the loss of goodwill may 
be priceless. True, the manufacturer can change 
his supplier but only too often he cannot repair 
the damage to his own good name. 

In the long run it is far cheaper to specify 





RESISTORS 


THE BRITISH ELECTRIC RESISTANCE CO. LTD. 
QUEENSWAY, PONDERS END, MIDDLESEX 


Telephone : Howard 1492 Telegrams : Vitrohm, Enfield. 





BR2083-TVI 
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A poor life this 
if full of care, 
You end with voltage 
through your hair, 


No time to sing 
and dance and play, 
Because your volts 
aren't under way. 


No time to step out 
just because, 
Your step-up system's 
full of flaws. 


No time because 
tests have revealed, 
That your Transformers 
are not sealed. 


'Gainst moisture - cold - 
vibration = dust - 

Heat - humidity and rust, 

Fumes and fungus, sudden shocks, 

Altitude and hearty knocks. 


No time to seal 
hermetically, 

As Mercury 
emphatically. 


If you've no time 
to take this care, 

You'll end with voltage 
through your hair, 





With anologies tr the immortal 


Tramp Poet, W. H. Davies. 


a 
yee 


Zé at y 


PARMEKO of LEICESTER 


Makers of Transformers for Electronic and Electrical 
Industries @ 
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Mechanical strength and adequate colour 


coding are two very obvious advantages 
afforded by the DELAFLEX range of 
sleevings. Equally important is their De 
La Rue reliability. A range of single and 
multiple colours codifies the most intricate 
circuits. Available in Varnished Cotton, 
Varnished Art. Silk (Rayon) and Rolled 
Silk. Optional Metal Screening. Diameters 
from 0.5 mm. Samples and full details 


supplied gladly on request. 


DELAFLEX §::+!2'2¢ steevinss ) 


DE LA RUE INSULATION LIMITED 
IMPERIAL HOUSE, 84/86 REGENT ST., LONDON, W.1! 
TELEPHONE: REGENT 2901 
TELEGRAMS: DELINSUL, PICCY, LONDON 


D.A.30 











April, 1949 





ARMSTRONG 


Makers of fine Radio Chassis for 16 years 





Model R.F.103 (type 2), 10 VALVE ALL-WAVE 
Radio Chassis, incorporating R.F. pre-amplifier, 
waveband expansion, 2 stages of I.F. amplification with 
variable selectivity, cathode ray tuning indicator and 
10 watts push-pull output. 


CIRCUIT 
The new R.F.103 chassis 
largely removes the 
difficulty of separating 
stations after dark as the 
two stages of IF. 
amplification with vari- 
|. able selectivity permit of 
a maximum selectivity 
better than 6 Kc/s. On 
the short wavebands the 
actual sensitivity __is 
8 micro volts. It will be 
appreciated that this 
chassis has a perform- 
ance of an extremely high order, and coupled with the 10 watt output 
makes one of the most desirable musical instruments offered to the 
public. For 200-250 V. A.C. mains. 

Price 19 Gns., plus tax. 


Model Exp 125, 14 VALVE ALL-WAVE Radio 
Chassis incorporates every worthwhile refinement, 
including continuous waveband coverage from |1.9 to 
550 metres, plus the long wave on the Home model; 
waveband expansion (the effective scale length is 
5 feet); efficient R.F. pre-amplifier stage ; two stages 
of |.F. amplification, variable selectivity in both stages; 
three stages of delayed A.G.C.; four switched 
positions of bass lift and four of treble lift; four beam 
tetrodes in parallel-push-pull incorporating negative 
feed-back used in the output stage to give I5 watts 
high quality output. 


CIRCUIT 

Aerial coupled to R.F. pentode acting as pre-amplifier feeding a 
triode hexode frequency changer; iron-cored I.F. transformer 
(465 Kc/s.) coupled to R.F. pentode again coupled by iron-cored I.F. 
transformer to variable-mu pentode (these transformers employ 
three switched positions of variable selectivity). The resulting signal 
is supplied to one diode of a double diode triode, the second diode 
acting as A.G.C. rectifier and the triode as the first L.F. amplifier. 
Between this DDT and the following triode valve is the tone com- 
pensating circuit. The output from the second L.F. triode is fed 
into a further triode acting as a phase changer, which is coupled to four 
tetrodes in parallel-push-pull to give 15 watts audio. A cathode 
ray tuning indicator is fitted. Price 32 Gns., plus tax 


Kindly write for illustrated Catalogue Demonstrations at our Showrooms 


ARMSTRONG ‘ritvision CO. LTD. nottoway. tonpow, w.7 


Phone : NORth 3213 
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|1.9 to . istidaae tele. Here is another example of how Mullard 
nodel ; 47891 and 47892 Research is helping forward Industry. The 
gth is ae Mullard Laboratory Ultrasonic Generator is the 
stages é first commercial generator to be produced in 
stages; oO this country. It has been designed to fulfil the 
— For Unlimited need for an experimental unit of wide flexibility. 
* pDeam e 6 e e 2 
-gative Switching Combinations These features are unique : 
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Compact single- or multi-bank switches with an ° sn Ta into a water load of 500 
infinite range of switching combinations. Silver- eo c/s. 
plated DOUBLE contacts and floating rotor are @ Transducer head designed for operation 
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ALL-POWER 
CONSTANT VOLTAGE POWER _ SUPPLIES 








SPECIAL LABORATORY UNITS 





This forward mounting Rack Unit, illustrated 
with cover removed, provides a constant output 
voltage of 300 D.C. at any current up to 600 mA. 
The output impedance is a fraction of an Ohm, 
and the residual output ripple is less than 2 mV. 


This is only one of the many special Power 
Supply Units we are making to customers’ 
requirements. 


ALL-POWER TRANSFORMERS LTD. 
8a, Gladstone Road, Wimbledon, S.W.19 
Tel. : LiBerty 3303 
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COMPLETE CATHODE - RAY 
OSCILLOGRAPH EQUIPMENTS 


@ Single and Multi-channel 

@ F.M. Amplifiers 

@ A.C. and D.C. 
Amplifiers 

@ Time-Bases 

@ Time-Markers 


@ Recording Cameras 





MINIRACK 








@ Pressure and 
Vibration pick-ups 


We make a wide range of 

dard equip ts to suit all 
purposes. 

PLEASE WRITE FOR DETAILS 


oe 





Special equipments made to 
meet users’ requirements 


SOUTHERN 
INSTRUMENTS 


LIMITED 
FERNHILL, HAWLEY 
CAMBERLEY, SURREY 
E“EPhone: Camberley 1741 
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SUPER 
| FIFTY WATT 


This AMPLIFIER has a response of 30 c/s. to 25,000 c/s 
within }db, under 2 per cent distortion at 40 watts and | per 


=d cent at 15 watts, including noise and distortion of pre- 
amplifier and microphone transformer. Electronic mixing for 
ut microphone and gramophone of either high or low impedance 





A with top and bass controls. Output ‘for 15/250 ohms with 
generous voice coil feedback to minimise speaker distortion. 
n, New style easy access steel case gives recessed controls, 
making transport safe and easy. Exceedingly well ventilated 
V for long life. Amplifier complete in steel case, with built-in 
15 ohm mu-metal shielded microphone transformer, tropical 








“r finish. As illustrated, Price 36} Gns. 
5’ 
pale ie 5 aed 30-Watt RECORD CP20A AMPLIFIER for ie cnaeu ka vn 
aiGaee aa ae REPRODUCER in A.C. Mains and 12-volt Pte sry: 
STAGE, in case * metal case e Battery . SPEAKERS available 
5 PRICE 25) Gne. PRICE £28.0.0 PRICE £28.0.0 5 mca 





VORTEXION LIMITED, 257-261 THE BROADWAY, WIMBLEDON, LONDON, S.W.19 
Telephones: LIB 2814 and 6242-3 Telegrams: ‘‘ Vortexion, Wimble, London ” 








y | AN ANNOUNCEMENT 
o OF EXCEPTIONAL 
nel 
INTEREST.... 
iers 
The FOX HELICAL POTENTIOMETER 
type PXF 5/H 10 is now avail- 
able for general release to the 
ve Electronic Industry 
i 
sn BRIEF 
_ SPECIFICATION 
“ Resistance range, 20 ohms to 50 K. ohms. Write for full details to :— 
N Rotation, 300" P. X. FOX vumrrep 
rs Number of wire turns, 2,000 to 12,000. TOROIDAL POTENTIOMETER SPECIALISTS 
Wattage, 5. . HORSFORTH, YORKSHIRE, ENGLAND. 
EY Telephone : Horsforth 2831/2. - Telegrams: ‘‘ Toroidal, Leeds.” 














7 a.d.h. 
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Drs * AXIOM TWELVE’ IS A HIGH FIDELITY 
LOUDSPEAKER that brings within reach of all the 
means of achieving a degree of fidelity usually 
obtained only from the most expensive and elaborate 
equipment. From the rich pulsation of 
the organ’s pedal register to the delicate 
whisper of the E-string of the violin, the 
the whole complement of the orchestra is 
strikingly recreated, and all the varied 
inflections of the human voice are so 
naturally rendered that this may truly 
be called “‘ Living Reproduction.” Send 
for fully descriptive leaflet A49 


The ** Axiom Twelve '’ is only suitable for use with 
equipment specifically designed for High Fidelity 
Reproduction. 


AXIOM-TWELVE 


I2°P.M.LOUDSPEAKER 


For use with the ‘ Axiom Twelve ' Goodmans High Po? Zz 
Fidelity Output Transformer Type H.4 is recom- Fully Duastproof 
mended. Supplied wound to individual specification. 
GOODMANS INDUSTRIES, LTD., LANCELOT ROAD, WEMBLEY, MIDDX. "Phone : WEMbley, 1200. Cables : “‘ Goodaxiom, Wembley.’’ 


A NEW DEPARTURE 
IN ATTENUATOR DESIGN, 


the new Standard Push-Button Attenuator fills the need for a reliable attenuator 4 When means are avail- 





unit for building into test sets of all descriptions for high frequency measurements. = vk gp ogg 
Units providing 90 db in 10 db steps and 9 db in 1 db steps are available. higher Erequencies, we 
75 ohm impedance. expect to give perform- 
ance figures for an 
Frequency Error up to 25 Mc/s+0.2 db extended frequency 

(up to 50 db attenuation) range. 


Standard Telephones and Cables Limited TRANSMISSION OIVISION 


Registered Office: Connaught House, Aldwych, London, W.C.2 ’ 
NORTH WOOLWICH LONDON E.16 Telephone: ALBERT DOCK 1401 
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Walter Instruments 


LIMITED 


GARTH ROAD - LOWER MORDEN - SURREY - TELEPHONE: DERWENT 4421-2-3 








DESIGNERS AND MAKERS OF SWITCHES AND CAPACITORS 


CRC 42 
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TWIN CAPACITORS 


y.1.¢. SILVERED MIGA 


a —— 
3 
Type SMS. 102 
suitable for miniature 
LF. transformers 2 
square. 
Type SM S. 202 
suitable for standard 
|.F. transformers 1%” 
square. 


This new type 
Capacitor has 
been specially developed 
for use as an end plate or 
base on LF. transformers. It forms an integral 
part of the transformer structure and is connect 
tothecoils during mounting, thereby saving space, 
materials a talling tw separate 
capacitors. It al 
eddy current losses 1 
evitable withnormal constructions. Modifications 
to suit individual requirements can be supplied. 





UNITED INSU 
LATOR C0 
. LTD. OAKGROFT RD. TOLWORTH SUR 
BITON SURR 
EY 


Telephone : Elmbridge 5241 (6 lines, Telegrams : a 
J 4 : Calanel, Surbiton 
. 











JOSEPH ENOCK LTD. 





Manufacturers and suppliers of th 
Enock Diamond Pick-Up, the sive 
Amplifier and the Mordaunt mee 
Speaker, all built to the aoe 


specification which has made the Enock 





Ins 
trument the finest music reproducer 





































































| Low. 

THE LOWEST EVER ries | omes [OE | OD! 
erent OR Ki fre {s7 foalase ; 

TENUATION [4%] 73 130241044) prom in the world. 

veniouge [sama oe] 

FOR Hi ci | 73 
o & EXPORT az 102 ae 28 — PHOTO JOSEPH ENOCK LT 
wi on oe tata ecto eet 3 = ws - 036) — cane D., 273a HIGH STREET 

15 [0.44 ij : 
TRANSRADIO LTD REgEEHESHEESEES agile 
1384 CROMWELL ROAD LONDON Sw? 4.8 | 220 , EALi 
mawsnao tome 4A 352 at +o ; —_— 
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LAMINATIONS| Gur ang cnt wort 


FOR to electronic and television 
ALL RADIO AND ELECTRICAL USES. equipment. 


IN SILICON, DYNAMO, INTERMEDIATE FIT AND FORGET 


AND TRANSFORMER QUALITIES. 





PERMALLOY, MUMETAL, RADIOMETAL. 


SCREENS FOR ALL ELECTRICAL USES. ESTALITE 


METAL RECTIFIERS 


TRANSFORMER SHROUDS FOR 35 AND 
74 LAMS. They ensure a steady, constant, and 


GENERAL PRECISION ENGINEERS. unfailing supply. 


Write for descriptive 


SHERADISING TO THE TRADE. literature and prices 
to DEPT. E.E.4 
ELECTRICAL SOUND & TELEV!SION PATENTS LTD. Y 
REY 12 PEMBROKE STREET, LONDON, N.I. — TERminus 4355 WESTINGHOUSE BRAKE & SIGNAL Co. Ltd. 


2/4 MANOR WAY, BOREHAM WOOD, HERTS - ELStree 2138 82 YORK WAY, KING’S CROSS, LONDON, N.!I 














individually de- 
mountable units. 


. The World’s iad Ge 
Best : 





|e 
r 
Expertly planned and superbly executed, performance and reliability. 
ig this all-purpose communications receiver Five degrees of selectivity, including a 


is yet another triumph for Redifon research crystal gate and crystal filter, are provided 
and development. No other receiver in and the sensitivity is such that an input of 
the world can equal its amazing range and _ between 1-5 microvolts gives a signal/noise 
performance. Those services demanding ratio of at least 10 dB over the entire 
the very best in radio equipment will frequency range of 13.5 to 26 ke/s and 
readily admit that the higher cost of the 95 ke/s to 32 Mc/s. Separate power units 
R.50 is more than justified by its amazing for A.C. or D.C. operation are available. 





Radio Communications Division 


REDIFFUSION LIMITED, BROOMHILL ROAD, WANDSWORTH, S.W.18 


| DESIGNERS & MANUFACTURERS OF RADIO COMMUNICATION & INDUSTRIAL ELECTRONIC EQUIPMENT Phone: PUTney 5691 
q RC 202 
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MOULDED RUBBER PARTS 


Enquiries are invited from the Engineering 
Electrical and Motor Industries for Special 
Moulded Parts in Natural and Synthetic 

é Compounds. 


Aerialite 

Television Aerials are 

being installed as fast as they can 

be Produced. Of good technical de- 
sign, robust construction, and easy to 
get, every Aerialite aerial will give 
clear, sharp, steady pictures, 

with never a ‘‘ ghost.’’ Send 

for illustrated booklet giving 


ALTE [a 


SJON AERIALS 


pMENT 
q eau! er 


TELEVI 


an 


¢ 


& 3n 


:* 
s “Be on ay 


ELECTRO - -ERAMIC INSULATORS & REFRACTORIES 


for e 
TELECOMMUNICATION, 
RADIO & ELECTRICAL 

TRADES. 


monufoctured y 
GEO. BRAY & CO. LTD. 
LEEDS 2. ENGLAND. 
Telephone 2098! (8 lines) - Telegrams BRAY LEEDS 
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RELAYS. 


AND 


SWITCH KEYS 


LARGE EX-GOVT. STOCKS 
IMMEDIATE DELIVERY 
Types 600 - 3000 Relays - Also High Speed 


large quantities of Telephone Components, Carbon Insets, Balanced 
Armature Insets, Plugs, Jacks, Condensers, Co-Axial Cables 


JACK DAVIS 


Dept. E.E. 


30 PERCY STREET, LONDON, W.I 


Telephone : MUSeum 7960 












‘ 


“ 












































HAVE YOU HAD YOUR COPY OF 
* ENGINEERING OPPORTUNITIES ”? 


Whatever your age or experience—you must read this highly 
informative guide to the best paid engineering posts. The handbook 
contains particulars of A.M.I.C.E., A.M.L.Mech.E., E., 
A.M.LMLL, A.M.Brit.LR.E., and other important Engineering 
Examinations, and outlines home-study courses in all branches of 

ivil, Mechanical, Electrical, Automobile, Radio and 
Aeronautical Engineering, Government Employment, 
Draughtsmanship, Building and Plastics, Matriculation, etc. 

‘e Guarantee 
““NO PASS — NO FEE’’ 

If you are earning less than £10 a week you cannot afford to miss 
reading “ Engineering Opportunities.” It tells you everything 
you want to know to secure your future, Write for your copy of this 
enlightening guide to well paid posts NOW— and without 


listion. BRITISH INSTITUTE OF 
ENGINEERING TECHNOLOGY 








= 337A, Shakespeare House, 17/19, Stratford Place, London, W.1 
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MINIATURE TIME-DELAY SWITCHES 
Reliable, compact, bimetal switches, glass-sealed and 
evacuated, to operate after a time-delay (such as may be 
needed to allow valve-filaments to heat-up). The switch 
operates on 6.3 volts and switches in a maximum of 1 amp. 
at up to 380 volts AC or 600 volts DC. Time-delay 25 to 100 
seconds. Available unmounted (Type 2TQV) or with English 
miniature 4-pin base (Type 2TQVM). For full specification 
please write for Publication TV10/16. Other time-delay 
switches, Publication MS10/16. 


SUNVIC CONTROLS LTD. 


10 ESSEX STREET, STRAND, LONDON, Ww.c.2. 


TAS/SC192 


27 
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“@Q” METER 
TYPE 31 


An accurate and reasonably priced instrument for laboratory 
and production use 

Frequency range 100 Kc/s.—30 Mc/s. 
Capacity range re a ae 35ueF. — 500uzF. 
42" ange «... se oy pee 0-300 
Frequency accuracy oo foe 1% 
Capacity accuracy 1% or + IepF. 
““Q”’ accuracy ~ sds + 5% 

PRICE £85 
DELIVERY EX STOCK 


SAMWELL & HUTTON 


Electronic Equipment Manufacturers 


COMBINE WORKS, 
1, GOODMAYES ROAD, ILFORD, ESSEX 


Telephone : SEVen Kings 6236 















~ 


TELCON ae CABLES 


materially assist in the successful design of 





electronic instruments intended for the 
measurement of minute currents of the 
order of 10°! amps. Details of this range 
of ‘Gee’ cables may be had on application. 


Founded 1864 


THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO. LTD. 


Head Office: 22 OLD BROAD ST., LONDON, E.C.2. Tel: LONdon Wall 3141 
Enquiries to TELCON WORKS, GREENWICH, S.E.10. Tel: GREenwich 329/ 




















——from the range of @ instruments 


The TWENTY MILLION 
MEGOHMMETER 


A new instrument for 
Research and Industry. 
Covers the entire resist- 
ance range from 0.3 to 
20,000,000 megohms. 
Two test voltages, 85v 
and soov, are provided. 
A six-inch mirror scale 
enables readings to be 
taken accurately and 
quickly. Designed for 
testing cables, resistors, 
capacitors and all insula- 
ting materials. 
















ELECTRONIC INSTRUMENTS LTD 


17 PARADISE ROAD + RICHMOND - SURREY 








ELECTRONICS 
INDUSTRY 


POSTAL COURSES 


E.M.I. Institutes, an associate of Britain’s 
largest group of Electronic Companies (“ His 
Master’s Voice”’, Marconiphone, etc.), have 
prepared a POSTAL COURSE specially 
suited to the needs of Industrial Executives 
and Technicians as well as to those of students. 


WRITE FOR FREE BOOKLET giving 
full details of this and other Postal and 
Attendance courses. 


ADVICE ON INDUSTRIAL 
ELECTRONIC PROBLEMS 


An experienced consultation service is 
available to those who have problems of 
production or research which might be solved 
by Electronic methods. 


E.M.I. INSTITUTES @ 


DEPT. Ii, 43 GROVE PARK ROAD, CHISWICK 
LONDON, W.4. TELEPHONE: CHiswick 4417/8 
E.114a 
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‘VICTORIA'at the BF 






Visitors to our stand 
will be interested in the 
ITER development of Victoria FM) ssi 

instruments during the 4 ' 
past twelve months. 
New, advanced instru- 
ments and their 
applications will be 
demonstrated, and 





BROWN -E.R.D. 13 inch Portable Disc Recorder 
An important S. G. Brown product 


technicians will be 
ae 
0 a i a 


at hand for advice on SQUARE FLANGE METERS 


any matters relating to 4” Large Open Scale. Mirror 





Scale can be supplied if Bi 
our products. required. DISC RECORDER 
RANGES : : 
AC. From IV-l0kV Incorporating the latest advances 
B.1.F. OLYMPIA 25A-100 Amps. in Sound-on-Disc Recording 
Stand No. C.52 D.C. From 5mV-l0kV Write for interesting brochures Presenting full technical 
54-5000 Amps. gy gt paw gece mye eet ogg 


S. G. BROWN, LTD., Shakespeare St., WATFORD 








Ybotriia Gusteumenta VICTORIA INSTRUMENTS Established in Electro Acoustics and high precision Engin- 
are Proprietors: V.I C. (Bournemouth) Ltd. eering for over 40 years. Manufacturers of the world- 
well J MIDLAND TERRACE: LONDON N.W.10 enamine Cormega 
zuncommonly Telephone: ELGar 7871/2 _ Telephone : WATFORD 7241. 
RGR 





TAYLOR SWITCHES YOU CANNOT BE WITHOUT A 


s6Q-MAX” CHASSIS CUTTER 











MODEL 950 MAKES HOLE CUTTING A PLEASURE ! 
This switch is designed for 
Radio, Electronic or Instru- a 9/6 
ment use. It is robust, ees 
reliable and will give a 
= long trouble-free life. | § | 3am °°. Se | 
) Available as non-shorting ) 126 
J or shorting type in many a ving 
| combinations up to 5 decks ia \ 14" ; 
per spindle. a 
e@ COMPECTNESS Occupies space 23" Fae 
14” sq. 1/-) 

















e CURRENT RATING Shorting 
type. 10 Amperes continuous. Contact WE SPECIALISE IN ‘‘ SPECIALS ”’ 

A FEW RECENT EXAMPLES : 

A6K.V.A. oil-cooled auto-wound Transformer; Pri. 230V. Sec. 55V 





resistance approximately 0.003 ohm. 








N horti BA 109 amps. 
on-shorting type. mperes con- A Sliding Resistance covering from 10 KW. to 4 K 
tinuous. Contact resistance approxi A5.0 pom Air-Cooled Transformer tapped at 200- 340. 280-320-360-400 
vo 
mately 0.008 ohm. lf your problem is large or small—we can handle it; we carry large 
stocks of Precision Components, the latest Midget Valves, 1/10 W. 
e BRUSHES Strong spring brushes Resistors, Variables, etc. 
@ CONTACTS Contacts are attached to an insulated rotor. ILLUSTRATED CATALOGUE 3D. POST FREE 
are of large area, and both The angle at which the brushes are +] 
brushes and contacts are set is such as ensures self cleaning 
heavily silver-plated. and smooth action. 
TAYLOR ELECTRICAL INSTRUMENTS LTD. 
419-424 MONTROSE AVENUE, SLOUGH, BUCKS, ENGLAND (SHORT WAVE) LTD. 








25, HIGH HOLBORN; LONDON, W.C.I (HOL. 6231) 








14a Telephone : Slough 21381 (4 lines). Grams & Cables : Taylins Slough 
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Some Outstanding Advantages 
of the RF E.H.T. System 


(1) Low Cost. 5.5KV E.H.T. unit at 23/15/- complete. 8 KV 
E.H.T. for 15” tubes, at £5/5/-. No Purchase Tax. 


(2) AC/DC Technique. Can be used for providing E.H.T. where 
no mains transformers is utilised. 

(3) Weight. Total weight of 5.5 KV unit, 14 ozs. This means 
lighter chassis and cabinet (E.H.T. units ready for mounting 
anywhere on chassis or in cabinet). 

(4) Picture Quality. Excellent regulation and no line linearity 
distortion. Both these troubles are frequently encountered with 
flyback E.H.T. 

(5) Independent Operation. Adjustment of Line Time Base 
controls do not affect the E.H.T. as with line flyback method, 
thus facilitating adjustments. 


(6) No Burnt-Out Transformers. An accidental or permanent 
short of the E.H.T. to ground will:not harm circuit. 


(7) Non-Lethal. Due to the high source impedance of these 


supplies they are very much safer than a conventional 50 c/s unit. 


Consider these technical and economic advantages and change 
to RF E.H.T. now. 


From all principal component stockists. In case of 
difficulty write to :— 


HAZLEHURST DESIGNS 
LIMITED 


186 Brompton Road, Knightsbridge, S.W.3 



























ee 








R.Q. Motor Unit 
and with end- 
plate removed 





SMALL GEARED MOTOR UNITS 


The Drayton “R.Q.”’ is a 25-watt motor 
unit geared to a final shaft, to which may 
be fitted eccentrics, arms or cranks, gears, for 
links or pulleys for actuating valves or 
dampers, movements, switchgear or Operating Valves, 


other devices. Dampers or Rheostats, 
Supplied continuous running or re- Cinema Projectors, 
versing, with or without self-switching, _ Rotating Screens, 


for 100/110 or 200/250 volts A.C Illuminated Signs 
Both types are fitted with an auxiliary : 2 
two-way switcr, actuated by movement Small Working Models, 
of the final shaft, for operating auxiliary 
gear such as fan motors, pumps, inter- | Drum-type Switches, 
locking devices, etc. Rocking Baths, Work 
Final Shaft Speeds: Movement, Soldering 
600 r.p.m./27 min. per rev. and Welding Fixtures, 
Torque: 60 in. lbs. Consumption: 25 W. Continuous Turning, 


so)°e SD ALe), | 'R.Q’ Feed of Light Strip 


under Process. 
Send for List No. M302-1 
DRAYTON REGULATOR & INSTRUMENT CO., LTD., 
WEST DRAYTON, MIDDLESEX. 


Geneva Movements for 





RQ? 

















SAVAGE ‘TRANSFORMERS 
| are built to satisfy 
customer’s _ individual 
requirements—they are 
not mass - produced, 
They are designed specially 
for the work they have to 
perform, 


Every SAVAGE TR‘\NSFORMER !5 
subjected to exhaustive elec- 
trical and mechanical tests 
before despatch, to ensure 
years of faultless service. 
Available in all capacities up 
to 5 KVA. 


If yours is a TRANSFORMER 
PrRoBLEM—write to us. We 
can solve it. Please address 
technical enquiries personally 
to Our MR. W. BRYAN SAVAGE at 





@ TRANSFORMERS iT) 


OF 





SAVAGE TRANSFORMERS LTD., 
NURSTEED ROAD, DEVIZES, 
WILTS. 


; Telephone 536 





14128B 
———— 


Industrial Applications include: 
SMOKE DENSITY IND;CATOR 
SMOKE ALARM 
LIGHTING CONTROL (Dusk to Dawn) 
COUNTING UNIT 
INVISIBLE RAY BURGLAR ALARM 
TURBIDITY INDICATOR 
_FLAME FAILURE CONTROL 


RADIOVISOR PARENT LTD 


1, STANHOPE STREET, LONDON, N.W.1I 
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i PULLIN 
| Multi-Range Test Set 
ele Series 100 








The Austinlite 

Rotary Switch is 
part of the equip- 
ment of the new 


Bridlington lifeboat. 


tests 
nsure 
rvice. A Service Engineers’ Universal 
S up Testing Set, with sensitivity of 10,000 
ohms per volt. Strong metal case 
with carrying handle—complete 
with leads having detachable bull- 
RMER dog clips and test prods. Ranges: ; 
gon AC/DC Volts: 10, 25, 100, 250, 500, Send for folder 
ress é : 
nally D.C. Milliamps: 2.5, 10, 25, 100, 500. giving fullporticulors 
— AC/DC Microamps: 100 Microamps of this heavy-duty 


on the IOV range. 

Resistance ranges: 0.1 Meg. (13,000 
ohms mid-scale), 0/10,000 ohms 
(135 ohms mid-scale). 


Size 9” x 54”x 4". Price £10-10s. 


30 amp. switch. 


We can give early deliveries— PRODUCT 


write for details :— 


“4 Address all inquiries to:— 
, MEASURING INSTRUMENTS (PULLIN) LTD. | : 
—— DEPT. E, ELECTRIN WORKS, WINCHESTER ST., LONDON, W.3 AUSTINLITE LIMITED (Proprietors Chance Brothers Limited) 
TELEPHONE : ACOrn 4651/3 and 4995 Dept. 7. Lighthouse Works, Smethwick 40, Nr. Birmingham. 





oo se | 
The Greatest Advance yet ! 
100 Ke/s to 100 Me/s 


‘ ON FUNDAMENTALS | 








Range: 100 Kc/s.—1!00 Mc/s. 
in 6 bands. 

Frequency: Guaranteed within 
t 1% 


+1%. 
Output: Approx. | volt 
unattenuated and variable from 
1 pV to 100 mV into a 75 ohm 
load through a matched trans- 
mission line. 

Stray Field: Less than 3uV at 
100 Mc/s. 

Illuminated Dial: Total scale 
length, 30 in. 

Power Supply: 100 — 210 — 
230 — 250 volts. 40-100 c/s. 
Dimension: 9} in. high x 
13 in. wide x 8 in. deep. 
Weight: 15 /b. 





The ‘‘L.S.L."" Servicing Method is a combined fault analyser and 
circuit tester; simultaneously capable of indicating all voltage, 
current and resistance on each valve electrode without removing the 








The new Advance Signal Generator, 
Type E.2, has all the advantages of 
the popular Model | plus a greatly 
extended range to cover the Bir- 
mingham§ Television frequencies. 
The wider range, 100 Kec/s. to 
100 Mc/s., gives greater scope for 
advanced experimental work than 
ever before. 


Send for fully descriptive leaflet. 


ADVANCE COMPONENTS LTD., 
Back Road, Shernhall Street, 


SIGNAL 


In common with the earlier model, 
the new generator offers an instru- 
ment of laboratory standard at a 
price within the reach of moderate 
purses. The remarkable high 
frequency accuracy of +1% extends 
over the whole range. 


Advan os 


GENERATOR 
London, €.17 





Walthamstow, 


Tel. : LARkswood 4366/7/8 








chassis from the cabinet. Readings can be taken whilst the set is 
under actual operating conditions The ‘‘L.S.L.’’ Analyser is a 
combination of multi-range instrument and valve tester. 


PRICE: £18 . 18 . 0 Subject. 


‘THE “LSL” PORTABLE ANALYSER 


* Saves time and trouble. * Greatly increases Profit in the Service 
Department. * Is portable, can be used on the bench or in the home. 
* Is simple to operate 








Send for further particulars 
from the sole distributors: 







(eneat eaitain) Limited 









WARTON ROAD, STRATFORD, LONDON, E.15, 
Telephone Maryland 661 AND BRANCHES 
Export Address 23°26 St OUNSTANS HILL EC 3 






























Recommended by this Journal 


ELECTROLYTIC 
CAPACITOR 


A.M. Georgiev : 7 Illus. :  15/- 


“ An up-to-date authoritative book on electrolytic 
capacitors ... the treatment throughout beng clear 
and lucid ... can be recommended to al concerned 
with the use of electrolytic capacitors and parti- 
cularly to designers of radio equipment.”’ 

Electronic Engineering 


CROSBY LOCKWOOD 
39 THURLOE STREET, S.W.7. 


POTENTIOMETERS 











Wire wound and Composition types, 
Single, Ganged, Tandem Units. 


Characteristics: ‘linear, log, semi-log, 
non-inductive, etc. 


Full detai!s from 


RELIANCE 


Manufacturing Co. (Southwark) Ltd. 
Sutherland Rd., Higham Hill, Walthamstow E.1!7 


Telephone : LARkswood 3245 j 








L.T.P. REWIND SERVICE 





All rewinds are 
Layer Wound, Vacuum Impregnated, 
Pressure tested at 2,C00 volts 
and guaranteed for three months. 
48 hour service. 


Enquiries : 

London Transformer Products Ltd. 
L.T.P. Works, Cobbold Estate, 
Willesden, London, N.W.10 
Telephone WiLlesden 6486 
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WE OFFER 
A large range of used and new Test 
Equipment, Converters, Recorders, 
Amplifiers, Motors, Transformers, etc. 


All guaranteed and at very attractive 
prices. 


We buy good modern used equip- 
ment of all types for spot cash. 
UNIVERSITY RADIO LTD. 
22 LISLE STREET, LONDON, W.C.2. 
Tel. GER 4447 and GER 8582. 








Partridge Hews 


HOME-BUILT TELEVISOR 


All the specified ‘‘ Partridge ’’ components 
are available from stock, as follows:— 
Power-Pack Transformer— 

Sub-Chassis mounting ML/435A ... 

Super-Chassis mounting DN/435A 
E.H.T. Transformer mounting 

VDH/436A .. 77/- 
Smoothing Choke mounting DL/404A 29/- 
Smoothing Choke mounting DL/401 17/- 


May we send you our price list of over 100 other 
transformers and chokes available from stock ? 


+ e+ & 


LONDON SALES OFFICE 


For the benefit of our many friends we have 
made arrangements for the immediate 
supply from stock of small quantities of our 
standard components. These can be 
collected from our address at King’s Build- 
ings, Dean Stanley Street, Millbank, West- 
minster, S.W.I—Tel. : ABBey 2244—(250 
yards from Big Ben). Hours: 10 a.m. to 
| p.m. and 2 p.m. to 5.30 p.m. (Mondays to 
Fridays only). Kindly note this address is 
for stock sales only, and all correspondence 
and other inquiries should be sent to 
Tolworth. 


Telephone : 


PARTRIDGE 


TRANSFORMERS LTD 
ROEBUCK RD., TOLWORTH, SURREY. 


92/~ 
105/- 


Elmbridge 6737 8 

















TELEVISION 
s RECEIVER: 


WE INVITE YOU TO CALL 
ANY DAY 


during television transmitting 
time, to see this excellent little 
receiver working. You can make 
this from Government surplus 
radar equipment. Sen 
without delay for the easy-to- 
follow instructional data. All 

are ilable ex 
stock again, but 


ORDER WITHOUT DELAY 
W.b. SALES 


Electron House, 
Ruislip Manor, Middx. 








10, 
Windmill Hill, 
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METERS / Goonten. Waves 1604170 


These famous instruments, of which several thousand are now in regular use in practically all countries of the 
world, are still the standards by which all other Q meters are judged. Their specifications constantly under 
review, the latest models incorporate refinements developed from war-time experience. : 


The Q meter is a universal instrument, it not only measures “ performance” 
or Q, but also determines the radio frequency inductance, capacitance and 
resistance of coils, condensers, resisters, and also dielectrics, waxes, etc. 
Model 160-A covers the range | Kc/s to 75 Mc/s with eight self-contained 
oscillator bands and the use of an external oscillator for measurements at 
frequencies below 50 Kc/s. Q values between 20 and 625 are read directly, 
to an accuracy of appoximately 5%. 

Model 170-A is for measurements at frequencies between 30 and 200 Mc/s. 
Direct indication is given of Q values between 50 and 1,200 to x 10%. 
Accessories available include external oscillator units for L.F. work and 
sets of sub-standard high-Q screened inductors. 

You are invited to write for data sheets which give the full specification of 
Models 160-A and 170-A, and also for technical information on other 
imstruments in the ranges of BOONTON, CLOUGH-BRENGLE, 
BALLANTINE, FERRIS, MERVYN and MIDGLEY-HARMER. 





A limited number of mode! 161-4 Q-Meters is currently availabe from 
London Stock. Other Boonton instruments are obtainable subject to 
import licence from tne SOLE CONCESSIONAIRES for the Unite 1 Kingdom— 


LELAND 
NSTRUMENTS Lip 


WES E 
TELEPHONE: CHANCERY 8765.27/8766 


JOHN STREET - BEDFORD ROW - LONDON W.C.|I 
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Weston 


MOVING 

COIL 
SWITCHBOARD 
INSTRUMENTS 


Combining the sensitivity of a laboratory instrument with the robust 
qualities of a switchboard pattern, this new series of ‘‘ Weston ” permanent- 
magnet, moving coil instruments represents a great advance in design and 
technique. They incorporate thermocouples and rectifiers where necessary. 
Special features include efficient damping, the new standard ‘‘ Weston ” 
patented spring-loaded jewel to protect the pivot, magnetic shielding and a 
high degree of accuracy. Mounted in attractive bakelite cases, flush 
fitting or projecting, the 6-in. easily read scale is printed in black on white 
enamel. All instruments conform to B.S.I. Spec. No. 89. Special 
inquiries will receive the personal attention of our Technical experts. The 
model S57 illustrated is supplied as a D.C. Microammeter, Milliammeter, 
Millivoltmeter, Ammeter and Voltmeter, all with a variety of ranges. 


SANGAMO WESTON LIMITED 


GREAT CAMBRIDGE ROAD, ENFIELD, MIDDX. Telephone ; Enfield 3434 and 1242. 
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